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PREFACE  TO  THE  SECOND  EDITION. 


The  favourable  reception  granted  to  the  first  edition  of  this 
book  has  already  led  to  a  demand  for  a  second.  In  pre- 
paring this,  I  have  endeavoured  to  take  advantage  of  the 
suggestions  of  kindly  critics.  The  book  is  intended  to  serve 
as  a  manual  which  students  of  Zoology  may  use  in  the 
lecture-room,  museum,  and  laboratory,  and  as  an  accom- 
paniment to  several  well-known  works,  cited  in  the 
Appendix,  most  of  which  follow  other  modes  of  treatment. 

To  numerous  authorities  I  acknowledge  an  obvious 
indebtedness,  a  detailed  recognition  of  which  would  be 
out  of  place  in  a  book  of  this  kind.  But  I  must  thank 
Dr.  Ramsay  Traquair  for  helping  me  with  the  chapter  on 
Fishes,  Dr.  Beard  for  revising  the  pages  on  the  general 
structure  of  Vertebrates,  and  Dr.  Gilchrist  for  suggestions 
as  to  the  chapter  on  Molluscs.  For  the  imperfections  in 
these  chapters  I  am,  of  course,  alone  responsible. 

In  preparing  this  revised  edition  I  have  been  assisted 
throughout   by   Miss   Marion    Newbigin,  B.Sc.     She   has 
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also  written  ibe  chapter  on  Comparative  Physiology.  To 
my  n.'isistant,  Mr.  R.  A.  Staig,  I  am  indchCed  for  iht  index. 
I  wish  to  express  my  thanks  to  my  aitisi  friend.  Mr. 
VVillinm  Smith,  for  the  carefuhioss  wilh  which  he  iias 
executed  many  of  the  illustrations  ;  and  1  am  indebted 
to  Dr.  Traquair  for  allowing  me  to  figure  some  of  the 
s[)ecimcns  in  the  Ivdinhurgh  Museum  of  Science  and 
An.  In  regard  to  these  illustrations,  I  may  say  that  in 
almost  C\'cry  case  ihey  have  either  been  dt-rivi-il  from 
riginal  memoirs  and  works  of  reference,  or  drawn  from 
cimens.  Of  course,  no  one  who  has  worked  wjtl)  such 
excellent  practical  books  as  that  by  Marshall  and  Hurst 
or  E^arker's  Zootomy,  can  help  being  assisted  by  them  in 
preparing  analogous  diagmms ;  but  I  have  refrained  from 
mcurring  any  but  an  absolutely  necessary  debt  to  such 
books,  except  in  the  ca«  of  Figure  215,  which  Messrs, 
Macmillan  have  kindly  permitted  mc  to  make  use  of. 

J.  A.  T. 
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CHAPTER    I. 


■ 


(IKXEKAL  SURVF.Y  OF  THE  ANIMAL   KINGDOM. 

At  llie  outset  of  our  titu<ly  or  Zooliwy  it  i»  useful  lo  lake 
a  g«iKra1  survey  of  the-  "  nninul  kingaom."  Without  ^omc 
sud>  bird's  eye  vie w  — ncccswrily  very  supcrGcial^ — one  is 
■pi  not  to  tec  the  wood  for  ih*  trc<:s. 

Afammia/f. 

tVc  naturally  begin  a  sun-i:y  with  the  .inimnls  which  arc 
most  like  man— lh<:  monkeys.  But  neither  wc  nor  the 
monkeys  arc  separated  by  any  structurai  gulf  from  the 
other  four  limbed,  hair  bearing  .-tnitnaU.  to  which  I^inarck 
mvc  Uie  name  of  Mawimals.  For  although  there  are  many 
oilTcTenl  typi-s  of  M-immals — stwh  m  monkeys  and  men ; 
horses,  cattle,  and  other  hoofed  <)uadrupcds :  cats,  dogs, 
and  bears;  tats,  mice,  and  other  rodents;  hedgehogs, 
shrem,  and  nwlcs,  and  so  on~lhc  common  poosesuon  of 
certain  <:hara<rter&  unites  them  all  in  oi>e  clau,  readily  div 
tinf;;uiKhablc  from  RirdH  ot  ReptilM. 

Among  lhe%e  ihantcten  m-  rank  the  milk  giving  of  the 

mother    mammals,    the    gronlh  of  hair  on    the  skin,  (he 

fjjcncral  presence  of  conrohitions  on  the  front  pail  of  the 
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brain,  the  occurrence  of  a  muscular  partition  or  cli.i{>lir>gni 
between  tbo  chest  and  ihc  abdomen,  and  so  on,  as  wc  slwll 
arterwards  notice  in  detail  Most  mammah  arc  suited  for 
life  on  laiid,  but  diverse  tyix-s  such  as  seals,  whales,  and 
■sea  cows  have  taken  to  the  water,  while  the  bats  arc  as 
markedly  siiiicd  Tor  3cn.1l  life. 

Among  the  mammalian  characterixticH  of  Krcat  imjiurt- 

ance  arc  those  which  relate  to  the  bearing  of  young,  and 

even  a  brief  consideration  of  these  enables  us  to  sec  that 

some  mammals  arc  distinguislicd  from  others  \ff  differences 

dee{)er  llian  those  which  separate  whales  from  carnivortfs, 

or  rodents  from   bais.     These  deep  differences  may  be 

suited   hriclly  as  follows : — {a)   Before  biiih  most   young 

"mammals  are  very  rlowly  united  (by  a  complex  structure 

ixallcd  the  plncenta)  to  the  mothers  who  bear  them,     {b)  But 

]this  close  connection  between  mother  and  unborn  young  if 

[only  hinted  at  in  the  kangaroos  and  other  pouched  animals 

[or  Martupial^  which  bring  forth  their  young  in  a  peculiarly 

^helpless  condition,  as  it   were   premattirrly,    and    in   inoM 

place  them  in  an  external  pouch,  within  which  they 

^clleicd  and  nourished,     (i*}  In  the  Australian  duck- 

tmole  and  its  two  relatives,  the  placental  connection  is  quite 

[8bsen^    for   these   animals    lay  eggs  as  birds  and   most 

iTeptiles  do,     Besides  these  differences  in  the  bearing  of 

Tyoung,  there  arc  others  relating  to  structure  nhicli  are  of 

rgreat  importance,  and  which  itcem  to  warr:inl  the  division  of 

Mammals  into  three  »ul)-ctasse5 : — 

t.  ProlmhcrU,    Oiiiii1iiickl|ihiii,   or    Montilrcmei— the    q[c   layinj; 

duvkmnJi:  \.OrHilhtr\yu,k»,t\,  EfllidHa  Mill  FmtkiJtHU 

a.  Uciitlierui,  Ditlcl  pliiu,  ut  Miiruipi.ilB~lhi-  ptcmalurcly  txarini^ 
uiuallf  pouch  poecuing  kangaruoi  anil  ibcir  iduxlivn. 

J.  Gtilhcrin.  MooMclphia.  nt  I'loccniaU-  ttiotc  in  which  ihcre  »  ■ 
d(Hc  IploccntaJ)  uninn  IcIhicii  thi-  imlnrn  embr^'o  and  its 
mother,  i-^.,  lIn|[u]M«t,  Ckmlvuret,  Uanltcjik 

BirJf. 

There  can  be  no  hesitation  as  to  the  class  which  we 
should  rank  next  to  Mammals.  For  Ititds  are  in  most 
respects  as  highly  developed  a*  Mammals,  th<tugh  in  a 
divergent  direction.  They  are  charaatirised  by  their  feathers 
and  wing»,  and  many  other  adaptations  for  flight,  by  their 
high  temiHTfltore,  by  the  frequent  spongincss  and  hollow- 
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of  their  bones,  by  the  tendency  to  fusion  In  many 
pans  of  (he  skcklon,  c.^.,  luicklionc  and  anldc,  by  the 
absence  of  teeth  ii)  mod«rn  foniu,  by  the  fixedness  of  the 
hings  and  iheif  association  with  numeroiu  air  ucs,  and 

ion. 
But  here  agsin  dtlTerent  gndes  must  lie  disltngui^hed — 

I)  Iheie  n  Ihc  vast  majority — Iho  Dying  bitds.  who  hstvt  a 
[>rcast-boi>o  keel  or  caiina,  to  which  the  muscles  used  in 
Digllt  arc  in  pari  attached  (Carinat3c) :  (>}  there  is  the 
wall  ntinorily  of  rtmniiiK  bir<U  (onriches,  emu,  cassowary, 
and  kiwi),  who«e  wini;!i  are  incapalile  of  Right,  and  who 
have  no  keel  (Katita;);  and  {3)  there  is  an  extinct  lyjje, 
Arthttefteryx,  with  markedly  reptilian  affinities. 

Rtf^iUs. 
There  ate  no  clone  relaiiun.thi]u  lieiwecn  Birds  aitd 
M.ruinaJs,  but  the  old-fushioncd  Monolrcmcs  have  some 
ij;kL-<)ty  reptilian  features,  and  so  have  some  aberrant 
i,  birds,  such  as  the  Hoatiiin  and  the  Tinamou.  More- 
■,  when  wv  eoniider  the  attinct  Mammals  and  llirds, 
perceive  other  ri»emb)aitces  linking  the  two  highest 
of  animals  to  Kcptiktc 
Rqitiles  do  not  form  a  compact  class,  but  rather  an 
linage  of  classes.  In  other  words,  the  tyi>es  of  Reptile 
diftr  much  more  widely  from  one  another  than  Av>  the 
types  of  Bird  or  Mammal,  Now.idays,  there  are  live  distinct 
[jiies  :■ — the  crocodilians,  the  unique  New  ^:aland  "■li^.-ird" 
(mZ/rnVi),  the  Itzards  proper,  the  anakes,  and  the  lortoiscs. 
But  the  num)x:f  of  types  is  gre:ttly  incre-i^  when  we  lake 
loraunt  of  the  lailiretv  extinct  sauri.-ins  who  had  their  golden 
in  the  mconceivanly  distant  past. 
Tbo  Kepliles  which  we  know  nowadays  arc  scaly-skinned 
Inuls,  thc>'  rcsemhle  Birds  and  Mammals  in  having  a 
lically  or  really  four  chambered  heart,  in  never  having 
,  and  in  having  during  cmbr>-ontc  life  two  important 
^1  membranes,   known  3.1  the  amnion  and  the  allantois, 

Anijihihiant,  such  a-t   frogs  and   newt.s,  were  0»Kc 

ifdcd — t-s.,  by  f.'uvicr — as  naked  Kcpiili-s,  but  a  more 

■ocuniie  cLtssi (teat ion  has  linked  them  r.ither  to  the  Kishc 
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Thus  Profcniwr  Huxley  grouped  Birds  and  Reptiles  together 
as  SauroiHid.1 ;  Amphlbiam  and  Pishes  together  as  Ich- 
lh>'o|Kida— for  msons  which  shall  I»e  nftcrwards  stjitcd. 
Anijihibians  inaric  the  transition  from  aquatic  life,  habitual 
among  l-'t&hcs,  to  lcrrcs<ri.-il  lirp.  habitual  among  Reptiles,  fof 
while  almost  all  Amphibians  have  gills — in  their  youth  at 
k-ast— all  the  adults  have  tun^s,  and  some  retain  the  ^ilts  a» 
well.  Id  having  limbs  which  arc  fin(^red  and  toed,  and 
thus  \-er)-  different  from  fins.  Ihey  resemble  Keptile«.  But 
the  two  fa-tal  membrane*  characteristic  oi  the  embryonic  life 
of  higher  Vertebrates  are  not  present  in  Amphibian  embryos, 
and  the  general  absence  of  an  cxoskcleton  in  modern  forms 
is  noten'orthy. 

The  nieinberK^  of  this  etaxx  are  as  markedly  adapted  to^ 
life  in  the  water  as  birds  to  life  in  the  air.  The  tail  usual]| 
forms  the  locomotor  organ,  and  the  limbs  arc  hns.  There 
are  also  un|>ain.'d  median  fins  supported  by  fin  rays.  All 
have  i>etnuiient  gills  borne  bj'  bony  or  gristly  archei. 
There  is  an  eiio>ke!etoit  of  scales,  and  the  skin  also  bears 
numerous  glandular  celU  and  sensory  slrtictures. 

In  many  »'ays  Fishes  are  allied  to  Amphibians  especially  _ 
if  wc  incluilc  among  Fishes  three  peculiar  forms,  kiMwn  as 
DipniH,  which  show  hints  of  a  three  chambered  heart,  and 
have  a  lung  as  well  ai  gills.  Other  Ftslics  have  a  two 
chambeted  heart,  containing  only  impure  blood,  which  it 
ddvcn  to  the  gills,  whciKe,  jiurifK-d,  it  passes  directly  to  the 
body. 

jAJiart  from  the  divergent  Dipnoi,  there  arc  three  onlers 
of  Ftshcs :-  -the  cartilwinous  Elasmobranchs,  sttch  as  shark 
■nd  skate ;  the  Ganoids,  »uch  a.'i  sturgeon  and  liony  |)ikc ; 
the  Tcteostcans  or  liony  lisha,  such  as  cod,  herring, 
not),  eel.  nnd  sole. 

IMmitipt  (?)  ytrlihnUu, 

Under  this  title  we  include  (i)  'l^'  ^^'^^  ^  Koun 
mouths  or  ( 'yelosiomata ;  (i)  the  class  of  which  t)ie  lancelet'^ 
nr  Amfhoxtn  is  ihc  only  adequately  known  l>q»e ;  (3>  the 
«  <i(   lunicatcn,  sonic  of  which  arc  called  sea-Kiutrts; 
(4),   with    much    hesitation.   »circral    strange   forms. 
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cfpecially  HataHiigUsmt,  which  exhibit  structures  suggenive 
Di  affinity  with  Vcrtcl>ralcs, 

The  C)'dostoniata,  rcprcwnied  b)-  the  Lumprey  {Pe/rv 
myttm)  and  the  hag  (Afyxine),  and  some  other  forms, 
probably  induding  an  inieresting  foMil  known  as  /'<t/aa- 
s/>>"ti/r/iif,  art;  toinciimes  ranked  with  Kt^hcs  undor  ihc  title 
MaruiN>btancbii.  Hut  ihcy  hnvc  no  definitely  developed 
iaw5.  no  paired  fins,  no  scaler  and  arc  in  other  ways  more 
priniittve. 

The  Luicelel  {j4m/>AiMc«f).  for  which  the  class  Cei^lo- 
chorda  has  been  erected,  is  even  simi>ler  En  iu  n^neral 
simauie.  Thus  there  is  an  abtence  of  linib.i,  skull,  jaws, 
well-defined  hntin,  heart,  ami  some  other  structures.  The 
vcncl>ral  roliimn  is  represented  by  an  iinscgmcntcd  (or  un- 
vcncbratcd)  rod,  called  ihc  notochord.  which  in  higher 
anintals  (except  Cyclostoniata  and  some  Ashes)  ts  a  tran&itory 
oruan  ret>laced  by  a  backbone. 

The  luni<-.ita  or  Urochorda  form  a  class  of  remarkable 
forms,  the  majority  of  which*  degenerate  after  larval  life. 
In  the  Inmc  of  all,  and  in  the  few  adults  which  arc  neither 
peculiarly  specialised  nor  dcgcni-raie,  we  recognise  some  of 
the  fundamcnlal  characters  of  \''cncbratcs.  Thus  there  is  a 
dorsal  supporting  axis  (a  notochord)  in  the  tail  region,  a 
dorsal  nervous  system,  gilt  clefts  opening  from  the  pharynx 
to  the  exterior,  a  simple  ventral  heart,  and  so  on. 

Of  BalanoghuHS  and  its  allien,  for  which  the  class  Hemi- 
chorda  or  Enleropneusia  has  been  established,  it  is  still 
diSicult  to  speak  with  confidence.  The  possession  of  gill 
clefts,  the  dorsa]  imsition  of  an  important  part  of  the 
nervous  system,  the  occurrence  of  a  short  supnortinfj  struc- 
ture on  (be  anterior  donal  surface  and  other  features,  have 
led  some  to  pbcv  ibem  at  the  base  of  the  Vertebrate  series. 

At  Iliit  ilace,  bavins  lacheil  (hf  b^K  of  tlic  Verlebraic  min.  <•« 
may  tcek  lu  dcfiiw  ■  Vcrtcbnite  animal,  am)  to  oontrui  it  with  Ini«clc- 
hraic  (ortni. 

The  rfliliiulion  ii>  >  very  oM  one,  fur  even  AiBtoil«  (tlitingiiUhccI 
Mwnmali,  liidi.  reiitiiM,  unphiljiAnt.  and  (n\\ei,  m  'blooil  lioUtinB." 
(ram  nililditli,  ^hc!l  tw^nc  nniinal',  cnitiMvaiiK,  in*r<(s  <Vc.,  whicli 
(kc  tqpnietl  t*  "  bloodlcB.  He  vrat.  intlcnt.  loist.-ikm  at-xiiK  Ihc 
blooilioHiicu,  but  the  diwlnctiivncu  •>(  the  higher  aiiinuU  fmt,  mcn- 
tlotiMl  h«  l>ecn  Tceogoiicd  I17  all  nilncqucnl  uturaliiii,  ihongh  it  wm 
trd  piseiMty  tiproMd  In  1797  by  Lunaick. 
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1[  Is  na  tOOMt  petBibiG  to  itraw  a  l-oun(t«ry  Knc  1)CIb«cd  Vole- 
aiMancI  InnrUMMet  with  that  li(iiuit«  oHuiul  vhicli  cliBiaciciiicO 
Mrly  or,  iniJM(li  th«  jirc-DiKwiiiiari  cl>i«iliciili<>ri«.  Fur  nc  now 
knuw — (l)  Ihal  I-T>lic»  and  Cj'clmt'jmntn  <l'>  n"l  (nim  Ihe  !•«•*  of  Ihc 
VrrtcbratF  s«ricv  (or  <hc  liuicelcC  mid  Ihv  Tiiniotn  iiiusl  also  be  in- 
■duiled  in  ibc  Vmcliniie  allUncc :  |3l  (hal  Balani^itm  and  Cefi«Ah 
irffii'iu  hare  Kvenil  Vcrlcliimc'likc  cfaunctchilici  ;  (j)  thai  xilue  of  the 
litvciicliulo.  niKcinlly  C'li.i:lo]>oil&  unit  Ni-iiicilam*,  »how  tome  hint' 
of  Ktliiiilirt  nilli  Vi,-ii(7)inilcK  The  Umilt  of  ihe  VcRcbnttc  ulliincc 
It  Ijocii  uiik'Hcil,  anj  Ihough  (hi  ncogniliuii  of  iheii  cK*ncl«t»ila 
>  become  more  tUlinjte.  not  1«b  so,  th«  ainrlness  irf  Ihe  lub-kingdoni 
tiUaqipeucd. 

Il  docs  nol  matter  much  whether  we  teiatn  Ihe  rnmiliat  lillc  Vettc- 
bnito^  or  adoni  ihni  of  Chordali.  jiravided  Ihal  u-e  teccv^i^^-^CO  lb«l 
'l  il  umoni;  rtshct  fir«l  Ihal  (cpoialc  vertchrnl  liodici  oppcli  In  the 
upjHiiiingiliirMtliixiHor  Ihc  body;  {()  ihAt.  at  a  cliaRicteriMic,  Ihc  back- 
uDc  il  1e»  impuirant  than  the  iiotuchuiil,  which  prccrdn  il  in  the 
islofy  ikltlie  oF  the  race  and  of  Ihe  inditiduat.  Ncrr  need  Wc  obJKI  to 
hhe  populai  title  liicWi»ned.  provided  we  rec<>gniie  llial  the  n^ectirc 
"  bony  "  ii  fin>l  applicniilc  amone  Fliha,  and  not  even  to  nil  o(  Ihem. 

Tlie  mcnllal  chanulcrh  of  Vcrlchrslts  nuy  he  summed  up  in  the 
roUiiwio^  lahle.  wlierr  Itiey  arc  coninaied,  uniieiihal  nrgiiliiTly,  vlih 
whnl  11  ituc  of  liivcrlvhrale*  : —     . 


on  tint  vinftitl  lurfACc- 
Na  csnofotidint  itiuciun  i>  Vnom. 

Nq  conttpofoliiic  MnpcEufct  am  known 
wlih  WIT  nnalni)'. 


I  The  CTB  I>  iitoilly  ilulv*i]  dincfly  tnm 
Ik*  iklii. 
I  haan,  if  pcwnt,  ia  doniL 


"  lliCKWJlilti,"  VniTi-OllAH 


Tba  «iiij»l  ntii^uf  ayB»nk— l«Atu  lad 
•pliial  (Onl~ii  Jtrtml,  aui]  Intmlar. 

TKcR  !■  A  dorvjtl  ujppomnf  anU  ar  mUf 
chant,  whlcli  !•  in  mou  am  r*(iliK«4 
by  a  hukb«r4. 

Cill-iun  or  vtinxr*!  ^ftt*-  a^t\  from  ttrt 
*M«  of  ih*  phjirynx  t-i  iha  «it«n>ir 
la  Iliht4.  AiCl  al  \mM  youn^  arifpiii- 
buna,  LliTy  ajv  B^tTJalciiJ  wjLh  ^illi 
and  ar*  uasful  in  nupintlion  ;  in 
bif  ^*r  forrat  ih^  an  iraiitiLtf 
fun4.-Eion]c^.  «iicii><  wbeD 
inlooihir  MrudurVL 

Ttia  *A«tn1iAl  pa/ti  of  i^t  nv  an  I 
by  ■novf^njwiii  froTA  ihe  brain. 

The  Irtan  i*  irm-TnL 


INVERTEIIRATKS. 

MoUma. 

ThiK  .-icrics  of  Ibnn.i  includt^  Bivalves,  such  as  COckle  and 
mussel,  oyster  ond  clam  ;  Gaslcio[)odK,  such  as  Hiait  snd 
slug,  periwinkle  nnd  buckic  :  Cvphalopods.  such  as  octopus 


/XP-EXTEB/l^rES. 


and  pearly  iiaulilus.  They  nuy  be  pboed  hijihesl  unong 
Invenelwates  since  nuiiy  of  theni  enhihit  u  concentration 
of  the  nervous  aystetn  (cruater  than  oct-un  elKCwhcic. 

Unlike  Vertebnilcs,  and  such  Imcrtetiratw  as  Insects  and 
Crustaceans,  MolUi»cs  are  without  st-ginents  and  without 
appcnda);ce.  A  mtisciilar  proinision  of  the  vcntnil  surface, 
known  as  iKc  "  foot,"  serves  in  the  majority  as  an  organ  of 
locoiDotion.  In  moot  cases,  a  single  or  double  fold  of 
tilcin,  trailed  the  "mantle,"  nukes  a  |>ru(ec[ire  shell.  The 
neiroiu  «ysteni  has  three  cliief  [wirs  of  iierve  centres  or 
tcanglia.  In  many  ca«et,  tlie  brval  stages  are  very  char- 
aaeriktic. 

Artfiivpods. 

This  Urge  series  includes  Cnjstaceanti,  Myriojiods,  Insects, 
SpidciK,  and  other  fomis,  whieh  have  segmented  bilaterally 
symmetTtcal  1>od)es  nnt!  jointed  appendages.  The  skin 
jirodiices  an  external  cuticle,  the  oiganic  pan  of  which  con- 
usts  of  a  suluiUuwe  called  chitin,  auociated  in  Crustaceans 
Willi  carbotate  of  lime.  The  ner>'oii.-i  »y»tem  consists  of  a 
(lonal  hmin,  connected,  l>y  a  ncrrc  ring  around  the  gullet, 
with  a  retitral  chain  of  ganglia. 

This  is  a  welt  defined  seri».  including  starfishes,  brittle 
sure,  sea  urchins  sea  cu<:uint>cTs,  and  feather  .itara.  The 
symmetry  vi  the  adult  is  usu.illy  radial,  though  Uiat  of  the 
lafva  is  bilateral.  A  peculiar  system,  known  an  the  water- 
vascular  sjfsicm,  is  characteristic,  and  is  turned  to  various 
u»cs,  as  in  locomotion  and  ic:spiration.  There  is  a  marked 
tendency  to  depositioti  of  lime  in  the  tis.sues.  The  develop- 
ment is  stnn^ly  circuitou»  or  "  indirect." 

It  is  hojwlc^s  at  jnc^-nt  to  arrange  with  any  dcflniteness 
those  heiorogi-m.-ous  forms  to  which  the  title  "worm"  is 
given.  For  this  title  is  little  more  than  a  name  for  a  ihapt, 
assumed  by  animaU  of  varied  nature  who  be^an  to  n)ove 
head  foccmuM  and  to  acquire  sides.  There  is  no  class  of 
"  worms,"  btit  an  aucinlilage  -a  mob — iM>t  )-et  reduced  to 
order.     It  Deems  utefut,  however,  to  separate  those  which 


of 
tbor 
or 
or  noies ;  the  paf»> 
:  CcModa  or  TapewjMB ;  the  Seatatans  or  Ribboo- 
tnc  fiLijUCBoy  |Mm3tic   Ncontoocs  oc   llifGWr 
and  mtobI  miillrr  ThniTT  ^_ 

A«  t&  ccfum  otbcr  fotau^  todi  as  the  sea  nttts  {Polyzoa^l 
or  B/yoMW),  tbc  hmp  tbdis  (Bnduofiodak.  and  the  vronti^^* 
Ulc  Sipaaaibd^  it  lecms  ben,  ai  this  stage,  to  oooita*  ibat 
tha  MtK  imetrtie  ie^. 

Bat  the  gencnJ  l»a  is  not  without  itilcrctt  thai  in  the 
aid«  of  the  wdl^lefiacd  cUsscs  of  larenebotes  there  lies, 
aa  it  were,  a  pool  lioai  irhkh  raaajr  streuns  of  life  Sow,  for 
Mamn  the  heterogeneooa  **  worms  "  we  detect  affinities  with 
Arduopoib,  MoItttKi,  Ecbinodenns,  and  even  Vertebrates. 

Al  lUa  tUff  •>  mtj  tioike  that  ia  ftll  ib>  thvK  fcta*  tbc  t^pcal 

•fNMdnr  k  biUunl  {»  EcUiiodGnn*,ib(tulUlqnu»eti]r  bEkancnty 
IdlhcwMlsIt  thai  inmoM  tvpot  abodj'caviijriicecilaaiekdeTClopcd  ; 
ibai  IW  tmbiyo  eoititi  of  uvee  B^CBUaal  layen  (eiHnMl  eetodcm  oi 
•ptUsM.  Inienul  tniladcfM  ot  hrpoUMi  lialae  ihr  pu,  aod  •  oxdiait 
WMlff  Of  iwoblMI  litting  the  body  ciri^).  In  ihc  nul  twoduscs 
tOrfoiMn  «ad  SpcMp*  Ub«  CDodiliaiu  ue  i&Stmit,  u  v*r  be  exprcMnl 
W  lh«  IbBuwlm  l>Me,  tbough  ii  k  open  to  qncMioa  whether  the  omtrut 
b  i|ill«  w  ijrcM  M  ii  MOM  !— 


iraiHiM  (KD  CaUHTacA. 


nan  b  na  My  oivuy.     Tbcn  u  but 
«*  MTliy,  ibu  «r  lb«  loa4  ohJ. 

TlMn  Ii  no  iliAnii*  mUitl*  law  it  <Mi> 
[■■til  11  MX  bol  ruhar  ■  tolddtc  idlr 


H       1 1ll  l»dUt  «f  fiinulry  of  ibl  BUInila  Clb- 

■  U)^  la  noi'ivl  >ri  IlK  iMfuU.SIld  th* 

■  WliudlnBl  (iir>l  alnnKaila  ef  ib« 
K  irfull  flii»«nnd*lall)a  Umil  ub«r 
^^^   HMIMWiila. 


TlitrvHstifidy  cAvity  o*cal«Ht  hatvfan 
tht  fo«d  caiial  ami  ik*  vallt  4f  ilii 
bo*)',  bai  ibii  ii  sAcn  iodficm,  or 
diniKtiae. 

Thtn  It  a  dlHlncI  mlrMIc  laytt  of  alb 
(acHdim)  bitwccn  iIk  (•Icmal 
aclad«nfi  and  ihe  gui  iinint  ando- 
dcrm. 

The  loDsiciidiaat  ajib  ef  ibc  aduU  <1d*« 
not  carfMpond  lo  thaloAgaaut^rilu 
(lainiU  •mbfych 


mi'Eft  TSSRA  TES. 


OeUnUra. 


This  series  inclttdes  jelljr  Aiih,  «ea  anemones,  coniU,  zoo- 
phytes, and  the  like,  mosl  <>f  which  arc  equipped  with 
stinging  cells,  by  means  of  which  tlicy  paralyse  their  pre)'. 
All  but  four  or  five  arc  marine.  The  body  may  be  a 
tubular  polype,  or  a  more  or  less  bcll-likc  "  niedusoid,"  at»d 
in  «on)e  casea  the  two  forms  are  included  in  one  life  cyd& 
Budding;  is  very  common,  and  many  of  the  sedentary  forms 
— •'  oorals  " — w-e  shelb  of  lime. 


Parifera. 

Spon^^  or  I'orifera,  are  the  simplest  many  celled  animals. 
In  the  simplest  forms,  the  body  is  a  tubular,  two  layered 
sac,  with  numerous  inhaU-nt  poics  perforating  the  walU,  with 
a  central  cavity  lined  by  cells  bearing  lashes  or  flagclla,  and 
with  an  exhaJent  a{)crtutc.  Bui  budding,  folding,  and  other 
complications  arise,  and  ihere  is  almoi.i  always  a  .ikelcton, 
oalcareous,  siliceous,  or  "horny,"  or  both  siliceous  and 
homy  at  once-  Water  jKUses  in  by  the  small  inhalent  pores 
and  out  by  the  cxhnleni  a)>crturc  With  few  exceptions 
they  are  marine 

■Ul  ihr  anknaU  Mlbcno  t»cnt)Dne<]  have  bwlKii  buili  ap  of  nrami 
nlU  M  niul  mutm  tA  thin^  roaiivr.  but  ihcie  arc  other  animali.  Mcn 
of  which  Mttiltli  nf  a  iiii|;lc  cell.  Tbdc  smplcM  onimaJt  aie  calIcO 
ProloaMb 

Every  anlinal  hilhen<i  mciUkvied.  rium  iiiainmal  la  liitil  t>i  timn^, 
(leveloiA,  when  rcproilRCiioii  takes  txn  iitud  ciitictr,  (mm  j  li.'(iih>cil 
mtccU.  Thih  (cx»U  ttt  ovum  iliTiilci  and  rriJiviiies,  am!  Ihv  ■Juii^'hlvr 
(alU  we  wnuvrJTii  vailnn  my*  la  form  n  "Ihh1)'.~  Dui  ihc  >'t<iioi(a 
fefm  no  "body."  tli«  rtmalo  ainglc  eelU,  ami  when  ibey  dUicle,  the 
daofihlcr  ottU  ^nul  lavaiiahly  go  apart  at  indepcndeni  ocsaiuxmi. 

lletc  IlKii,  i*  tlie  cical«M  eoll  which  <*«  bai<c  hilheno  noticol 
—  thai  Iclween  multkellulu  organUnw  (Mctaxo*!  anil  nnkcllulai 
onaitmi  ll'iiiioKiaJk  Bw  Ihc  t;ii1(  wan  tiriilt^.  and  lt>e«*  uf  ihc 
brwp  rcinam.  Yat  (i>>  Ihetc  are  a  (ew  I'twioua  nihich  fotn  louar 
ooloBla  td  colla,  and  (A)  there  arc  Diitltiodlulu  orgaNHM  of  (rou 
•implici^. 

The  Protozoa  remain  single  celts,  with  few  ex<:eption3. 
Thus  ihey  form  no  "  body ; "  and  necessarily  therefore  they 
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have  no  organs,  nor  sexual  reproduction  in  tJie  ordinar)' 
sense  of  the  phrase.     'I'lie  seriet  includes  — 

(a)    InTusonans.  with   actively   moving   losbid  of  living 

matter ; 
(i^)   Rhi^opods,  with  outflowing  threads  or  processes  of 

living  mailer ; 
\f\  Gret^ariiiu,  priisiiic  fonns.  without  cither  lashes  or 

OUtfloivill^  pTllCCSSCS. 

Notton  Ciasiijicatioii. 

We  DUiirnlfy  group  together  in  the  ininil  Ihow  impmucnu  whicb  sra 
like  nnc  Another.  In  thi*  ltd  the  liq^ning  of  nil  cluiification,  ahelher 
that  of  the  ehild,  the  Mm^.  or  Ihc  itwtiiiciH.  For  ihcic  nie  i»[iny 
ponltile  clawiLficiilcint,  iiiryiiig  ncca(tlin£  lo  iheii  puf|)i)kc,  according  lo 
tlic  |j<ilnl<  of  liriiiiiiKiljr  wlilch  Imvi-  liccn  kcjeclc)!  i*  iiupoilanl.  Th«t 
wc  may  clivni^  .iniin.iW  Hcoinling  In  tlirlc  hnliitni*  cn  ih^ir  dtrl  wlihciut 
takini'  any  lhuui;lit  "t  llicir  birucliire. 

But  IX  iiiictly  ioulogica.1  claHilicalJon  i*  one  which  teckB  to  show  iha 
naiuinl  cclniioiuhi)H  trfonimali.  lo  i:rou|i  together  ihoK  which  rucnible 
onr  snothcr  in  Ihnr  ical  naiuic  m  kinKtuiu.  tl  mutt  tbcicfore  lie 
1<Lik(il  nil  Ihc  tMitlu  of  conipnrxlivf  mifltmn]',  technically  ipcaklnBi  <■>■ 
"  h<inin1ci|;ii.t,"  or  lonl  rcMmliUiici'B  at  dtiucluro.  Whaln  msft  nM  b* 
ruiikeil  uith  liihes,  nor  bait  with  birdk 

To  a  cluii£catioa  bturil  on  lUuciural  leiemblancei.  two  oottobom- 
i;oni  »(c  ncceiMiy.  frani  cmliiyology  uml  (lom  |Blii;anloloe)'.  On  llie 
uni-  hjnil.  the  devclopniirnl  uf  Ilic  fornii  in  qucitinn  mint  DC  itUiiiiMl  | 
lliiik  \v>  fine  ilrennieil  thai  n  Tunicate  wjt  »  VrrtvlinUc  until  it*  lilc- 
httloiy  o^ut  wnrktit  out :  mi  (he  other  liniiiJ,  Ihc  n«|  hlMOfy  inuil  lie 
Inquired  inio.  ihuh  ihe  ulliiiiiy  lirlwrrn  Hitil*  anil  KcfMila  i*  oonfitined 
liy  a  knowlcd);^  of  llie  eilinci  formii. 

In  cInuiAniiiun  it  is  conienient  to  rrcognin  certain  |;nii)«  or  ileciMi 
of  reacmblnncr,  which  ok  spoken  of  aispedevi  geneia,  bmiliei,  onlen, 
ctauc*.  nnd  lO  oa. 

To  |;iic  itn  illuiiltulion,  oU  Ihe  tlecrv  ate  uklil  10  farm  ihc  ipcds 
Ftlii  'igrii.  of  ihc  Kcnut  Fthl.  in  the  fumily  FelliU^  tn  the  order 
Camivoia.  within  Ihe  claks  Mamiuilb.  1'hc  r^i^'mbUncet  of  all  tl|[erH 
are  nccolingly  doNe;  wcllmnikcil,  but  not  m  cImoi  are  the  rMcm- 
hUncen  between  liuvn.  lioni,  JN|;uiit!i.  pumai.  call,  elc,  which  tona  the 
I^nu9  Ftlii :  liromict  itill  ait  Ihe  reMiiildancei  between  all  memb«n  of 
the  (Bi  family  Fclidic  i  tiill  wider  thme  between  caii.  dogi.  beari.  uiJd 
Mai*.  «4iich  £»rm  ihc  ordei  Camiror* ;  and  latlly,  there  arc  the  gentnl 
NMfnUanec*  d  iliuctuic  which  bind  Hanmab  lOfcihcr  In  coniroM  la 
fiinU  Of  Keptllet. 

It  rnuxl  \x  iinHerttood  that  the  real  thinga  are  the  Individual  animalt, 
anil  that  n  K[<vci«  is  a  nibjeciivc  conception  wilhin  which  wc  include  all 
ilwse  iurlividuaU  who  resctnhle  one  another  »  clouly  that  ve  feel  we 
need  a  ipecilic  nunc  applicable  to  them  all.  And  ai  TeumbUocei 
whidi  teem  nniv>naot  lo  one  natunitii.t  may  icem  triiial  to  othen.  there 
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«v  oA«n  vMc  tUfferenca  of  opisioo  a*  lo  ibe  Mmbef  of  ijicnn  wfaidi 
«  coMi  oontaiaL  In  a  kamltbl  tt  inaJl  tbelU  (he  "(piiutn"  nuy 
HoopUie  3o  ipccia  when  the  "xliunpcn"  tec  dbIt  3.  Than  llackel 
iBy«  of  oalcniccxn  xpoofn  thai,  m  ihe  nilurallM  uka  to  look  at  the 
ptntitt-ni,  there  an  ^  tpcclc*,  01  It.  o<  l$9,  tw  59I  ! 

Hui  wiiilt  EHi  rigii)  dcliniiiun  can  be  c>*"^  "^  "  ipccic*.  Kuins  thai 


t'KL  I.— DiapaBiiiuulc  (i|iivulun  -if  clauiliiali'-ii  ia  a 
gcocalodcal  trMv  B  indiotci  powiUo  potition  of  fiAlano- 
|{lcM)M,  D  oTDiimol,  S  of  Sphcooilon  M  Hattriia. 

I  iMncojitioai  it  one  ti(  (iracliual  convcnii^cc  and  pnrtly  ithtivei  there 
.  i  ocriain  coMnMn-icnH:  coiulJcratiDni  lo  be  bomc  in  miml — 
U  No  iMtimliit  DOW  tieljcva,  a*  LinriKua  iliil.  in  the  fiiitjr  of 


,  a    GMMtUUL  SV/trsr  Of  TBE  AjftMAt  JCIMJOOM: 

we  bettcN,  Ml  tfac  I— iiij.  tfcM  (w  hrm  twt  ||t*ai  iIm  io 
At  tW«MrllMi,dweDMMandBna*ii«k  na  tte  anHfth 
^*f  ■WJmgJ— iawiiiWMilliiajwt*— e>o>ergMp<JifiJiwifcwk 

a  ortoM  4(f*at  y  MMMify/taai  MM  jmmnMEmi  J*  MMCkr. 

'k  SoMOBiB  a  ■iwe  rtworlc*.  aiA  ■*  ihc  ibaoc  of  ■  lootk  *■ 

VMAia*  at  ■  ■ak,  b  ■>  oooMMtr  ckwaoerlitfc  of  •  g"^  ^ 

Wihili  tWfc  ■o^be  mUrmtd  m  ifce  tado  of  matt  iMpoRiM 

Ob  lh«  otkcr  htai.  Hit  SMmOim  tttmtm  mf  tfnia  amd 

^■>fan^(Biilc  tne  oom  iumljr  hoc  (o  mean  Ihc  [vvceny  «( ■  pml- 
E  woaU  cbvide  — nHnrt  ioio  ipccia  aocxodiif  lo  Ibe  entoai 
I  w  lak,  a»  iliti  voidd  IcmI  M>  the  aUwd  ooocUahia  0ml  iw( 
litloaeBJ  to  itiftiMi  ^Mciik  TbM  It  b  dken  doaUy  w- 
F'MllAelotT  iriMfi  m  iptfim  m  wnMifaJ  as  Ibe  Mnaf^k  of  a  iia|tt 
I^Mciaicii,  (j)  liMUMC  t)i«  coAtUaqr  t/  (be  tpccific  ctunctet  b  osdeUr 

^BM  bten  ofaxneii     Indeed,  il  Iwt  bappc«cd  that  otw  ipedct  hu  been 

paiad*  OM  of  •  nulc  and  another  oat  of  Iw  male     Ilui  the  cfaaiaelen 
a(  a  ainKk  iiMdBai  an  aoinati»e»  to  dlMincttvc  ibal  the  tontncbt  b 
Mfc  in  sMldBf  h  llw  Irpe  of  a  WW  afNCiet,  M  oan  of  a  tiaw  CC1W& 
^  WlMle  Mats  arc  Voowo  •rheic  neoiben  of  diStrent  iprdes  IWK 

I  putod  and  Iwoq^hi  ftnifa  (cnilc  hf  bridik.  Uib  b  not  coninwn.  TIk 
■mfHtm  tfa  tftiitt  art  ftrtilt  ioiei  k,  hit  nV  mtimlly  »ilk  mtmita  tf 

L  Mtf r  tftfui.     In  bet,  the  dtMiiictneu  of  sjiKic*  ha*  l^^cljr  dependad 

I  Ml  a  rettrictioii  uf  the  tio^  ctf  (cttilit)'. 

To  Mm  Dp,  a  iKcio  u  bui  ■  teblivc  cimoepttoo,  c^Nn'BricM  whM 
««  wbh  to  lachidc  andei  one  title  all  the  meMben  of  a  Igpap  <f 

,  tndivUuaU  who  (Mcmlile  one  anoibef  in  aeitain  chancier*.    Tbc(«  b 

rno  d»olul<  mimUac*  is  ibcac  «pecl&c  chancteri,  aad  one  ipcciu  oAcn 
BielU  JMo  anolhei  mlh  which  il  b  oonMCUd  )iy  intermeilulc  vailclies. 
Al  liie  nunc  lime,  (he  ctiaractera,  on  aeoniM  of  ubich  ilie  lultiralul 
civet  a  nceiJic  ttomc  lo  a  croup  of  individnait,  thuukl  tic  j^ieatet  ihaa 
UKMC  which  dbiincnUh  the  otetnbcn  of  any  one  family,  tMtild  thow  i 

U  relative  conuancy  from   generation  lo  |[eiwiBiM>a>   and   iliottkl  be  ] 
■saucbtcl  wlih  tcproduclive  peciiUaritici  which   lend  to  rotiict  tbt 
rikii|;e  of  Miiiliml  (trtiliiy  (o  (lie  inenibcrt  of  (he  pmpaseil  ^Kcict. 

Il  will  tic  tiiiiu|-ti  now  uDii^ly  ta  ttalc  hhuc  oI  ihe  mote  ioipctUsit 

>giadaod«lualicaliun  ;— 

Individual!. 

Varlellea  ainonic  ibete  individuals. 

Spedta.  f-x^  l-tUi  i<S^>- 

tJeiiut.  Filiu 

Pamilj'i  Folidic 

Orilei,  Camivon, 

Clan.  Manunalia. 

{"hylum  or  Setie^  Verlcl-fata. 


( 


.^{irw 
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'ABULAK  SURVKY  OF  CLASSES, — {Ivr  F^lurt  Rcfiftnu.^ 
UKTA/OA  CKORUATA. 


(Kmbiria.    PteoBlili. 


IPiuiuUhiIi.  MtMHiiaLa.  OaipoHiu-J  *  - 


/CjmnstK    KhM  llrtna  hlnlv 
{  KhIw.     Kcrf-Itw  iunnb«  Irintv 
\  K»ii>j  rcfcil*-lik*  (rirdi. 

(OKDJUb.  CncedllM  •ml  .klU«iiHipt. 
U»4>Mk    Snatw. 
Uxntiik.    LiMi«. 
ChtlMilfc    T*na)x*wul  lunlR. 
F..d*a  tViKi. 

Anyn    Till'l«ifn>c>>'i'J  londi. 
Uiotftli.    Tailed  otou. 

L«k)rihi<l>al»'M-   and    Mh«    •tltnit 

Affllibibunh. 

IlifKi.     Mvl  «•!*•. 
Tcltwttl.     I>wi  riilMt. 
Clmii^ri.  r^..ihurpMn. 
Btiwiubfmtiii-   CanilaciiliMi  fi>h«. 

{HhIU.   iMftfm\     an.l      Ijnpiw 
rCaHAlocMoaiuT*.    .fimytrMitiH. 

ItltOCniMDAT*.       TWIEIK*- 

UKTAIOA   NON-CKOKIIATA. 


?r 


*'0 


{llHMnwadi.    Suik. 


JtarwMrMi*. 


(AndiKaUcK    Sp*4«r«.  ■coryion*,  oklLo. 
Inmn. 
,  MyriffviU.    C*xii|a>lm'nd  niillliinlMi 

I  rtDinllKiu.    PirifalMi. 
U >»■•(■>- 

(Crinniif.     P«ilwr  a«ft.    (Cruoidt  aiiJ  BlBUidh  utinn.) 
Orhi«ni«n.     Iltiultum 
,  AiMnAlM.    Slh  Hill. 

I I  IvlMkuniilu.    Rta  cuumlMn. 


'WMm.* 


'UBUOnMA. 


(llnililop>ti.     Ijtmp  •hdJi. 

1N>«1M(-I».  Thnad'watnii- 
I  C*Up>da.  T>ct-*onirit  \ 
ITniHtMili.     riulni.  }PI»)Hlminili«. 

iTvbdUti*.     PUnuluH.   / 

I  ^tmert^or*.  tj.,  Btrtt. 

I  Sc)«Kwi.   JtUy&ih  and  m  uiaiiKMo. 

I  KHrwo*.    Zm^^im  uid  iMdiuoUi. 

PROTOZOA. 

Siinptvii  lufiia  of  AnmuJ  lUV- 


I  AniuluU. 


CHAPTER    II. 

Tin:    rUNl'TIONS    OF    ANIMALK. 
(rnvsiorcHiv.) 

Mom  itiiininlN  Yivv  a  conscious  and  active  life,  busied  with 
lite  Hciitrh  lor  loiul,  tile  wooing  of  mates,  the  building  of 
IiiniH-i,  mill  llic  icmlin^  of  young.  These  and  other fonns 
III  III  livily  ilc|K'iul  ui<on  internal  changes  within  the  body. 
I'll)  ihr  iMtivciiunts  of  all  Init  the  very  simplest  animals  are 
line  lo  Ihr  111  livily  of  contractile  parts  known  as  muscles, 
wliirli  nif  loiiiiolkil  !iy  nervous  centres  and  by  impulse- 
I'liniliii'liiiK  libri's. 

lint  iiH  lilt'  work  done  means  expenditure  of  energy, 
mill  i-i  toHiiwcd  liy  nu]M.-iilar  and  nenous  exhaustion,  the 
ni'i'i'Ndly  tor  trcsh  supplies  of  energy  is  obvious.  This 
leriiiM'riiiinn  is  oliiaiiii'd  from  ftxttl,  but  before  this  can 
rciilDH-  lltr  rxhausled  [wrts  to  their  normal  state,  or  keep 
Ihi-tii  ftiiiii  liecimiing,  in  any  marked  degree,  exhausted,  it 
niiiHi  lie  rt-iidcrctl  soluble,  diffused  throughout  the  body, 
and  Ml  clu'iiiii'ally  altered  that  it  is  readily  incorporated 
into  the  aiiiuial  s  subslaiuc-  In  other  words,  it  has  to  be 
digested. 

\\V  may  say  tlien  that  there  are  two  master  activities  in 
the  nitimni  Imdy,  those  uf  muscular  and  those  of  nervous 
parts,  to  which  the  other  internal  activities  are  subsidiary 
conditions,  turning  fiHKl  into  blood  and  thus  repairing  the 
waste  of  matter  and  energy,  keeping  up  the  supply  of 
oxygen  and  the  warmth  of  the  t>ody,  sifting  out  and 
removing  waste  products. 

Besides  the  more  or  less  constantly  recurrent  activities  or 
functions,  which  are  summed  up  under  the  general  term 
"  metabolism,"  there  are  the  processes  of  growth  and  repro- 
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duction.  When  tneoini;  exceeds  expenditure-  in  a  young 
animal,  gtgwih  goes  on,  and  ihc  inhtniied  qualities  of  the 
organism  arc  more  and  more  pcrft-cily  dcwioped.  Al  the 
limit  of  growth,  when  the  animal  has  reached  "maturity," 
It  nomully  reprodttces,  that  is  to  uy,  liberates  parti  of 
itKJf  which  give  rise  to  new  individuals.  Ii  is  ilii»  |>ower 
d  growirtfi;  atvd  r(;producing  which  most  distinguishes  an 
organism  Trom  an  inanimate  thing. 


Dtviiian  of  Lakcnr. 

All  Ihc  ordinary  functions  of  life  arc  exhibited  by  the 
ftimple  unicellular  animals  or  Froto/oa.  Talcc  the  AiiHtba 
for  example.  It  moves  by  n>ntracting  its  living  .lubsuince, 
it  draws  l»ck  sensitively  from  hurtful  inlluinces,  it  engulfs 
attd  digests  food,  it  gets  rid  of  waste,  and  it  absotbs  oxygen, 
riihoui  which  its  living  matter  cannot  continue  active  or 
ndecd  alive.  For  activity  implies,  in  pan,  an  oxidation,  a 
mbustion  of  material,  and  respiration  in  plants  and  animals 
:  oonsist.1  in  alaorlnng  ox)'gen,  and  in  lilMTatin^  ihe  car- 
Dnic  acid  gas  which  is  one  of  the  «'aste  producu  both  of 
ife  and  burning. 
But  all  these  activities  occur  in  the  Anxcba  within  the 
Dmpa&5  of  a  unit  nuss  of  living  matter,— a  single  cell, 
'physiologically  complete  in  iticlf.  There  is  no  division  of 
lahjur,  there  are  as  yet  no  parts. 

In  all  other  animals,  from  S)K>nKC4  onw^ird^  there  is  a 
"  body  "  consisting  of  hundreds  of  unit  ma.tiws  or  cell&     It 
~l  impossible  for  these  to  remain  the  same,  for  some  arc 
stcfnal  and  others  external,  rwr  would  it  be  well  for  the 
ntsm  that  all  its  units  should  retain  the  primitive  and 
■ny  sided  qualities  of  jVmccba:.     Division  of  labour,  con- 
!()ueni  on  diversity  of  conditions,  is  thus  esubliihcd  in  the 
gamsm.     In  some  cells  one  kind  of  activity  predominates, 
I  others  a  second,  in  others  a  third.     And  this  division  of 
ibour  is  followed  by  that  complication  of  structure  which 
call  dilfcrcniiation. 

Thus,  in  the  fresh  water  Hydra,  which  is  one  of  the 
implesi  many  celled  anintals,  the  units  are  arranged  in 
layer*,  and  fonn  a  tubular  body.    Thou.-  of  the  outer 
are    [xotective,  itervous,  and    muscular ;    those   of 
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the  inntir  laytr  absorb  and  digest  the  food,  and  are  also 
muscular. 

In  womis  and  higher  organisms,  there  is  a  middle  layer 
in  addition  to  the  other  two,  and  this  middle  \xfei  becomes, 
for  instance,  [>redomtnantly  niuscubr.  Moreover,  the  units 
or  cells  are  not  only  arranged  in  strands  or  tisxun,  each 
with  a  predominant  function,  but  liecomc  comtiaited  into 
wdl-dclint.-d  parts  or  organs.  None  the  less  should  we 
remcmUrr  that  each  cell  remains  a  living  unit,  ;ind  that,  in 
addition  to  its  principal  activity,  it  usually  retains  others  of 
a  subsidiarv  character. 


Hit  lory. 

Fliyriolog^lISi  or  Ihow  who  xluily  the  >cl!viiict  of  oigonUnih  siiil  of 
ibdr  para.  wcr«  sl  firti  contcnl  to  ipcak  or  ihnc  >.t  thr  mull  of 
"  BDimml  Hill  viul  tpirilv"  of  moods  and  lmi|>crunii:ntii. 

Slimulxlrd.  howt'rer,  l>y  the  aaalamiitti'  iliiclusuie  of  oigaits,  Ihe 
pliyjjologiiti  loon  bcgati  lo  Fiptoin  ihe  otgnnimi  u  a  complci  cnmn« 
id  many  [um.     The  mutclei  weic  ircnirniipii  m  ihr  mccbaniiini  which 

Cduofil  niovciiicni,  ihi;  heart  ]ium|Jc<l  the  lilinici  (hniiii;''  'h<  l«xly,  Ihc 
io  vru  Ihc  «cnt  of  thought,  and  va  on.  TbU  wa^  an  rtccciun^ly 
nMctaary  and  nslural  ilcp  in  zinalyiu.  Nor  bu  il  yrl  been  Ihuiougnly 
taken  in  every  cote,  for  there  are  many  coeuii.  a|ieciii!l)r  in  hackbaae* 
lou  animaK  alioul  whrmc  ptcdoniinanl  uw  u'c  arc  vinccTtain,  But  the 
u|i}«ioln^tu>  of  <hi«  tchool  tomclimei  finiihed  Ihcii  work  too  '|iiicl.!y. 
Thai  tlie  tivvr  uio  an  oripin  for  accrctliic  lille  wan  deemed  »  coiii]ilclrly 
BOtiaraclory  blaicmeni.  unill  il  bccan  to  lie  Ken  ihat  ihls  iii|;aii  ih  ilie 
teat  of  many  olhcr  nclivitict.  Moreover,  Kime  Ihoucht  thai  il  was 
poBJIile  to  d«rluce  llie  runciinn  of  an  uij^u  from  its  visible  sliucture,  u 
one  ni^hi  infer  Ihe  use  of  .-■  pUlon  fiom  ils  shijie.  To  a  certain  extent 
ihU  »  inie.  ai  when  »<  ihon-  how  an  imoce  is  futmot  on  the  tetina  of 
the  nv.  Hut  ue  cuinot,  in  icrmi  of  visihie  nruclorc,  explain  another 
funeliun  iif  ihc  eye— ihni  of  dUiLnEuiihini;  ihc  "eoknin"  of  ihlnj^  In 
bcl.  il  uiuii  be  doirly  iinilccMoiKl  ihni  ench  oignn  in  far  mote  than  a 
pjec*  of  mcehaiuiin  in  a  lii-iii);  mcinr. — thai  it  it  a  coinplicalod  factory 
of  living  units,  each  with  subtle  and  manifold  iHiwert. 

Io  leot,  Bichai  nnalyaecl  the  nainul  body  into  its  component  iIbuci 
— tniuculai,  nervoiu,  gtenduUr.  &c  and  being  a  phyiiologisi  «s  u-ell  at 
an  anatomiit.  Kiu|;h(  to  explain  the  actiiiliu  of  ihe  oci^nnitm  In  temu 
of  the  Mntractlle,  tiriCahlc,  MCictoiy.  or  iilhcr  pia|>ertict  nf  its  timuef. 
Thl*  ma  a  futthcf  ttep  in  the  analytia.  and  one  of  j^eai  lm|Kuiance. 

About  fully  yean  l.ilei.  however,  it  \<v^n  m  be  too«i)pitMd  that  the 
hody  «ru  a  great  city  of  cellt.  each  with  a  life  of  ils  own.  The  fuoctioiu 
wete  not  meicly  ihe  activilies  uf  organs  of  i-aiioiu  construct  ion.  or  of 
tiBEues  with  rarious  propeiliei,  ihe)-  were  the  raulli  of  ihe  life  of  Ihc 
compnnenl  uniU  or  cells. 

Finally,  in  ihoic  last  dnya.  the  pliyilolocltitt  have  touched  the  taltoni 
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I  ihnr  aiuljnb,  fer  thujr  u«  cnJcnroaiinc  lo  dUoover  the  pbyileil  onil 
b«mka)  cboi^n  auocUlcd  with  ibe  linnK  MufT  01  prolojilaaa  lurif. 
'      :  u«  otn-ioiuly  at  ihc  t(<uiul«llon  of  the  xtiul*  inaJ(«t. 


Fhnts  and  Animais. 

Befofe  we  give  .1  sketch  of  ihr  chicr  runctions  in  a  hi^icr 
_amiiiBl,  let  us  briefly  consider  ihc  icscmliUnccs  and  dilTer- 
nccs  between  plants  and  animals. 

(fl.)  Jftstmihne/  in  /w/i^ftixn.  —  The  life  of  plants  i* 
tscntially  like  tliat  of  aniinab,  as.  has.  becii  recognited  since 
i^taudu  Bvmaid  vrote  his  famuUTi  Ixrolc,  PhiHomfnet  dt  la 
<ommuns  aux  ammaux  tt  aux  vfgfta«x.  The  bccch 
Kc/tfds  and  grows,  Jigesh  and  tna/het,  as  really  as  docs 
sfiuiircl  on  its  branches.  In  regard  10  none  of  the  main 
unctions  »  there  any  essential  difference.     Many  simple 

Its  swim  uliout  actively;  yciuii);  ihootK  and  niuts  ■a\w 
Bovc;  aitd  there  arc  many  <ji»cs  in  which  even  the  full 

>wn  [KUtii  uf  plants  cxhihil  motYmtHts.  Moreuv-cr,  the 
bndriU  of  dimhcis,  the  leaves  of  the  sensitive  plant,  the 
entades  of  the  sun-dew.  the  stamens  of  the  rock  tose,  the 
itignia  of  the  musk,  are  but  a  few  iiutaiices  of  tlie  numerous 
ilaiit  Ururiuro  whuli  <;KtHbil  iiiarkcil  unsitivtutss. 

(i.)  HacNl-lantr  in  Slruelurr.  'I'he  simptwt  plants  (I'ro- 
»phyia>  like  the  simplest  animals  (Protozoa)  are  single 
HU;  the  higher  plants  (Metapbyta)  and  higher  animals 

IctaEoa)  are  huih  up  of  cells  and  of  various  modi licat ions 
r  cells.     Ill  short,  all  orKanisms  have  a  cellular  structure 
Thiit  );encral  concltuion  is  Iciwwn  aa  (he  Cell  'Hteory  or 
fell  tlortrtne  (tee  \^  41). 

((.)  Riitmhlanci  in  De%>eio^mtnl. — When  we  trace  the 
Bcch  tree  l»ack  10  the  bcjpnning  of  its  life,  we  find  that  it 
tises  Trotn  a  unit  element  or  egg  eel),  which  is  fertilised  bj' 
ntinvaie  union  with  a  male  clement  derived  from  the  pollen- 

lin.     When  we  trace  the  squirrel  liack  to  the  beginning 

'  it*  life,  we  find  tliat  il  nlso  arises  from  a  unit  detncni  or 

cell.  whi<:h  i»  feriilistd  by  intimate  union  with  a  male 

ell  or  spermaioioon,     'l~hiis  all  the  many  celled  plants  and 

lirruls  Ite^-in  as  ferlilised  egg  cells,  except  in   cases  of 

Ijrgin  birth  (partheno};enests)  or  of  asexual  reproduction. 

?Ri  the  egg  cell,  which  divides  and  redivides  ;ifter  fertilisa- 
an,  the  body  uf  tlie  plant  or  animal  is  built  up  by  con- 
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tinucd  dtvi§ioii,  arraiigcmenc,  and  modilication  of  cells. 
Thus,  planix  and  animab  Tc»t;iiiblc  onv  another  in  their 
esitential  funciioiiH,  in  their  ceitulnT  Htniciure,  and  in  their 
devcIo]inn-nt. 

But  while  (here  i«  no  absolute  diMinction  Itctween  |)lnnl« 
and  animals,  ihcy  represent  divergent  branches  of  a  V-shapL-d 
tree  of  life.  It  is  easy  to  distinguish  extremes,  like  bird 
and  daisy,  less  t.-a&y  to  contrast  aix>ni;c  and  mti^roooi,  well 
nigh  impossible  to  decide  whether  some  very  Mniplc  forms, 
which  H«ckel  called  "  jirotist*."  have  a  bins  tom-airds  plants 
or  towards  animals.  Itui  thv  food  which  most  plants  absorb 
is  cruder  or  chemically  simpler  than  that  which  animals  Are 
able  to  utilise.  Thus  plants  derive  the  carbon  they  require 
from  the  carbonic  acid  gas  of  the  air,  whereas  only  a  few 
(green)  animals  have  tUii  giower.  .Mninu  all  animals  dqiend 
lor  their  carbon  supplies  on  the  sugar,  starch,  an<l  fat  already 
made  by  other  animals,  or  by  plants.  As  regards  nitrogen, 
most  plants  derive  this  from  nitrates  and  the  like,  absorued 
along  with  water  by  the  roots ;  whereas  animals  obtain 
iheir  nitrogenouK  supplies  from  the  complex  proieids  formed 
within  other  organisms.  KTost  plants,  therefore,  feed  at  a 
lower  chemical  Icrvcl  than  do  animals,  and  it  is  characi eristic 
of  ibcm  that,  in  the  reduction  of  carbonic  acid,  and  in  the 
manuracturc  of  starch  and  pioteids,  tht-  kinetic  tnergy  of' 
sunlight  is  transformed  by  ihe  living  matter  into  the 
potenlinl  chemical  energy  of  complex  food  slufTs.  Animals, 
tM  thf-  other  hand,  get  their  food  ready-made;  they  lat 
the  pounds  which  plants  have,  as  it  were,  accumulated  \\ 
jjencc.  and  they  spend  ihcm.  l-"or  it  is  ch.-iracteriiftic 
animals  that  tliey  converi  the  potential  chemical  energy 
food  stiilVs  into  the  kinetic  energy  of  locomotion  and  othi 
activities.  In  shon,  the  great  distinction — an  average  one' 
at  best — is  that  most  animals  are  more  active  than  most 
plants,  \*A  us  conden.sc  in  tabular  summary  the 
honoured  "distinctions  between  plants  and  .inimnls." 
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CHIEF   rUNCTIONS  OF   THE  ANIMAL  BODY. 

We  have  vxn  that  there  are  two  muter  actiritie* 
aninuls,  tho«e  of  muscular  and  of  ncn-ous  stiuaura* 
that  the  other  functions,  always  excepting  reproduction,'' 
are  subservient  to  these.  Let  us  now  consider  the 
various  fuiKtions,  as  they  occur  in  some  higher  organisot, 
Mich  as  man,  rotcrxinj;  cocn))antiv<e  treainieiit  for  a 
Nuhseiiuenl  chaiHer. 

ffervt^t  Artirities. 

life  has  been  described  as  conusttng  of  action  and 
reaction  iKlwetrn  thu  i>r>;ani»m  and  its  environment,  and 
is  evident  that  an  :inimal  rausi  in  tomu  way  feel,  or  become 
aware  of  surrounding  influences.  In  a  h^hci  animal  we 
find  parlx  which  arc  specially  excitable.  ThcM  arc  the 
sensory  end-organs ;  the  retina  of  the  eye  for  light,  certain 
parts  of  the  ear  for  sound,  (mpiltn:  on  the  tonf!U«  for  last^ 
l»rt  of  the  lining  of  the  naul  cbnmlwr  for  tmell,  tactile 
corpuscles  of  the  skin  for  pressure  and  tcntpcraturc. 

All  thew  end-organs  arc  ossociaicd  with  ncn-cs  which  arc 
stimulated  by  the  excitation  of  the  end-oigan,  and  conduct 
the  siJniuEu.s  inwards  to  what  are  called  cetilres  or  gimgtta. 

In  Vertebrate  animals  the  brain  and  spinal  cord  contain  a 
series  of  such  centres,  some  of  which  serve  for  tl»e  per- 
oeption  of  ihc  changes  produced  in  the  cnd-oijans  by  the 
stimulus,  while  others  preside  over  the  activities  of  the 
muscles.  As  we  ascend  in  (he  scale  we  find  thai  in  addition 
(he  brain  possesses,  to  an  increasing  cjcient,  (he  power  of 
corrclatinij  |iresent  and  past  experiences,  and  originating  or 
inhitiiling  action  in  accordance  with  the  judgment  formed. 

Thus,  ncnous  activities  involve  (d)  end-organs  or  Kcn.''c 
organs ;  {b\  centres  or  ganglia :  and  U)  the  conduding  nerves, 
some  of  which  arc  afferent  (or  sensory)  passing  from  end- 
organs  (o  ganglia,  while  others  arc  efferent  (or  motor) 
passing  from  centres  to  muscles.  And  in  wtutc\ef  |Kut 
there  is  activity  there  is  neuesKtnly  waste  of  complex  sub- 
stances and  some  de^ee  of  exhauslion. 

ll  is  inlcrniliiif:  \o  noiiw,  u  a  irlumph  of  hitiolopoJ  tcclmiquc, 
Ih«t  Hodijc.  iiiuuv  Munn,  and  oihcn  have  mocoeJod  in 
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hm  la  amv  cell*  the  utuciuril  kmIm  (otllulu  colLtpM  &c->  itf  tiligue, 
■ai|  ihai  In  tuch  ilivcrac  (r|irt  u  Im,  mi|!,  bjtd,  Mil  ilgg. 

Mutattar  AetrvHy. 

The  movemenu  of  a  unicellular  animal  are  due  lo  the 
oemtraciiliiy  of  the  living  imilvr,  or  of  spe<:i]il  parts  of  the 
cell  such  ns  cilia  {stt  p.  106).  In  sprm^cs,  thiTe  arc  Drtci) 
Specially  contractile  cells :  in  most  higher  animals  such  cells 
arc  aggregated  to  form  the  muscles  on  whose  activity  all 
movemenl  depends. 

In  many  of  th«  lower  animaU,  c.^-.,  sea-anemone»  ami  itea- 
squirtR,  the  contractile  alramU  ronsut  of  long  ^indlr  shaped 
cells  which  appenr  almost  homogeneous :  these  arc  called 
smootli  muscle  fibres.  They  occur  in  certain  parts  of  the 
l>ody  ill  higher  Vertebrates,  €^.,  on  the  wall  of  tlie  urinary 
bladder.  A  more  specialised  kind  of  muscle,  prevailing  in 
active  animals,  cotttlsiH  of  fibres  which  show  alternate 
liAht  and  dark  cross  bands ;  these  are  allied  striped  muscle 
fibres.  The  two  kirxls,  urutriped  and  striped,  may  be  seen 
to  pass  into  one  another  in  the  same  animal,  and  in  a 
general  way  one  may  think  of  the  former  as  slowly  con- 
tTaciinK,  the  latter  as  rapidly  conlraciing. 

A  piece  of  living  muscle  consists  of  fine  tmns^Kirent  tubes 
i>r  filirce,  each  invested  by  a  sheath  or  sarcolemnu.  and  the 
whole  muscle  is  surrounded  by  connective  tissue.  It 
usually  runs  from  one  part  of  the  sketclon  to  another  and 
iH  fastened  to  the  skeleton  by  tendons  or  sinews,  it  is 
stimulated  by  motor  nerves,  and  is  richly  wpplied  with 
blood. 

When  a  mutcU'  contracts,  usually  under  a  stimulus 
projMgated  along  a  motor  ncnc,  there  is  of  course  a  change 
of  shape — it  becomes  shorter  and  broader.  'Itie  source  of 
the  energy  expended  in  work  done  is  the  "chemical  ex- 
filoHton  "  which  occurs  in  the  fibres,  for  the  oxygen  stored 
up  (inlranvolenilar^y)  in  the  muscle  enters  into  rapid  union 
with  a  carliohydnite.  Heat,  CO^  and  water  are  produced 
as  ths  result  nf  this  eomlnistion,  iind  lactic  acid  is  iilso 
fomtrrf  a^  3  I  tyc- product.  Desides  the  chemical  change  and 
thr  !i;ij>e,  there  are  alw  changes  of  electrical 

|ini<  urd  with  each  contraction. 
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'I'lic  i-ijpr^)'  vxpcndvtl  in  doing  irtwk  or  in  growth 
lllllaiici-d  l)y  the  potential  eiKX^  of  the  food  etulft  taken ] 
Intt)  thv  liody.  Theiw  consist  of  proteids,  carbohy-drates, 
(ilia,  water,  and  Mdts  in  varying  proportiona  accotding  to  the 
diw  of  ihc  anininl.  Oxygon  may  ulso  be  re^^arded  as  forn>- 
ing  |uift  of  the  food. 

In  «omo  of  tlic  lower  animals,  such  as  sponges,  the  food 
|iiiri)i-lr<i  lire  dlii-otly  en>:iilfed  by  sonic  of  iwe  cdb  with 
wliirli  ihi-y  rrinie  in  toiiinrt.  U'iiliin  ihnc  cdb  tbey  ore 
divtottfd  i  thi*  n  known  .ij*  iiitra<.x'l hilar  digestion.  In  most 
rjuni.  liuwvvir.  iht  food  is  rendered  soluble  ai>d  diffusible 
witliiji  till,-  tdtiil-rutiul  t)y  the  action  of  eertaiii  fcrmcnis  made 
liv  itiD  i'i^^IIh  ttliieti  line  the  gut  or  form  the  associated 
Klnnilo.  The  jitcat  peculiarity  of  tliesc  fermenting  substances 
i«  llial  n  Hinall  i|iia[)tily  cnn  act  upon  a  l.irge  mais  of 
iniili-rial  without  itself  undergoing  any  apparent  change.  But 
liiiH'i'vri  drucHtiiin  lie  efTecied,  it  means  making  the  ftxxj 
uiliilili'  iiniT  dil'utiihle.  In  a  higher  reriehnite,  there  are 
iiiiiny  *lep*  in  the  proccts. 

[•il  thv  A»l  frdiiviil  li'  unrcl  llic  hMJ,  iruulioiirvl  Xiy  ilic  Icclh  and  ' 
ttiiiluriiiril  hyl^\r  ntltn.  In  lhc^^<i/inor  Ihc  nlivarir  juice,  n  hicli  chajngia  J 
•larvti  liilo  I'lpr      Tlii'  \n\<v  it  roniifd  or  ^cCT(tl■ll  \iy  lariiju*  taXbntj 

UlUHJa  •(•iiiTi'IiIk-  mi'llDl. 

f'l  Tl'(  ■■""I  It  iwiilliiwiil,  nnil  )ias»n<loii«n  the  (^iIIfI  Iu  (tlir  lEomtcb, 
wlmti'  Il  II  mk\n\  whh  ilic  tp.-,u'ie  juice  MfTctcil  I7  i;'""^  tituued  ' 
itw  Miilli.     Thnr  wnllt  niv  nlu)  mui^uUr.  nnil  Ihcii  contmtlions  chw 

\\<v  f..vl  nii'l  mill  It  wlih  ih*  JiiKc.  tn  the  juice  ihcfe  a  souk  fwi-  hydr 
I'lil'.rit  iMiil  mi'I  n  fi'iiiu'Di  eMt>\  |ii'|«in  ;  Ilioe  act  n^^llier  in  luininf  ^ 
]iii>iriii  lit  <  |.  ;ri<iiii.t.  Till'  lukv  liai.BUr>  B  klighi  uilveni  cflccl  on  bt,, 
■rill  'I  ■■  III.' laiU.liyilnilr*.  J 

(1 1     I Il|'eiti-<l   fiKiil,  a>   il   (MMUt   ffuni   Ihc  kliimucli  into  llioj 

tuiali  iiiii-diiin,  li  onllol  •jhyiiic.  h'h'  on  lhi>  <:'Ihci  julcrt  act.  Oftliinol 
lliu  miHi  JiiijHituiii  it  t)ic  UTcrrtioii  uf  Ihc  i«nc«nt,  which  rantaisfti 
vmlinit  li'iiiiimK  t.^.,  tiy|Al»,  nnil  alTvelt  hII  llir  tlifFcrrnl  kindi  of] 
i-l|iniil>'  FoihI-  Il  (iinlimir^  ihc  u">tk  xf  Ihe  M»iniii.-h.  (;hiini;i.iiu  pKilcidl ; 
Hi ''I  f-  i.ih,|»i"*  ;  It  rcirilliiur,  thr  wi>tlk  nf  IhctAlivjiry  juirr,  ohAii^ritfihiftfich 
I  .   Il  •iltu  cniuMrmlhr  fal,  iliviilin);  [hr|;J<iliulniiitor\Irvincly 

'    I'.,  which  it  l<-iiils  III  ii)>1il  iiitu  IfMly  Jiciilt  anil  iflj^crtac. 
('0   liii"  llir  l>ri;iniii[i|;  nf  the  amiill   iiiimiiii',  the  bile  f\am  the  llvn^ 
alio  lliiwi..  l<ul  till*  is  i)oi  of  liFcal  •lii^livc  itiigxiclniicc.  bciitf;  ralhcr  ol 
the  iialiiie  tifimjuli:  jifixiucl.      Il  null'.  1"  Imvc  n   ili(..hl   »Jvcnl,  aavV 
I  tlfylrq;.  iikI   ki)>o(i  iryin|;  action  011   the  IbIh  ;  in  «imc  nnimuli  it   hiu 
aliShi  Duirct  01  canvcrnnn  lUich  Into  ru^ai  ;  hy  iii  alkalinliy  il  heir 
IhcMtlon  of  the  liTpri*  of  the  [MDcitM  Iwhieb,  iinlikt  prpilii.  hvIs  in  %\ 
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nnunil  riuWI) ;  it  itdvciii  mil  niciiilirinet.  mi  that  ihcv  iiltow  Ihe  puonfp 
uf  Miiall  iliiifi  of  r4l  4ii'l  iiil  ;  itii4  il  u  laiil  (u  tinvi'  iiiiiiu^  iillii-t 
(liuliiici. 

(r)  In  aryidon  to  ihc  liver  ini)  (lif  pancrrnt.  Ihrtcr  aiF  fm  lh?  Willi  rA 
th*  tniall  JMcuinc  ■  era"  numtiei  of  smnll  glan-iU.  which  lecrcic  a  juici.- 
•hiKli  pobabtjr  bnxindt  tbc  p*ncceili(^  juice.  The  di^nlrd  nulcruil  it 
in  |arl  ali>u(l<nl  inio  ibc  blo>l,  and  the  nuboffwHl.  >liJ1  Iwiiig  iligoicil, 
is  fii>>M>|  ftloQg  Ihc  MToll  inltilinr  \rj  mniit  of  lUr  niuu;iil;i[  ruiilrMlioii 
o%  ihv  watl*,  kn'mn  m  tKti<l-iltir  nrlioo.  Il  mrlm  ihc  liii|;i;  inlnlinc 
ami  iit  (cnctioa  is  now  aiiiinctly  idil  \ij  tiuson  n!  Ihv  aL'iil  ftrmenUiion 
of  thr  COMCM).  The  Wtlls  of  thv  Uicr  inic^lini.-  conuin  eUiiiIs  umibt 
III  llii>»<  iif  ihv  "ti.iLl  mri-.tinc,  And  (he  digolive  iiiocewei«cecomplcl«l 
whilo  i.\f*n\\'\'  iin  ;  ui  ihai  tij'  the  time  the  miiu  hju lenchol 

the  tccium,  il  ;^  il,  iii'l  i»  known  is  ftivroi.    Thcw  c>>i>iiun  all 

ibe  iotligeMiblv  aiiJ  u:i<li{^rslctl  roninaiitB  nl  tho  (ooil  anil  ih>  utelnk 
p(i)4«cl>  nf  the  chcnikal  ilit;nlivc  pruccucs. 

But  lli€  food  muM  nol  only  be  rcndctwl  soluble  nnd 
difftutble,  it  must  be  carried  to  [he  dilTeiciii  parts  of  the 
bixl)-,  ami  ihccu  in(-i)r|N>iiited  into  the  hungry  cells.  It  is 
carried  by  the  bli>i>d  sirc-am,  and  in  part  abo  by  what  are 
called  lyniph  vcskU,  irhich  contain  n  dear  Huid  rt:>e»ibltnf{ 
bluod  mitaii  red  blood  corpuscles. 

AtMotption  begins  in  Ihc  uumach  liy  ilimi  cmnuitit  islo  thmiiUlarin 
Of  floe  bnmcba  tA  Uood  vcoclt  in  iti  imll*,  and  a  nnular  alnorplioii, 
Oipwilllr  of  wain,  lakes  plaoe  Dlon)[  the  whole  of  ihc  digolire  uocl. 
Bui  linWB  ihc  inlrttlnit  ihrri-  arc  ipccial  haii'likc  iicojcciinm-  ciUliil 
villi  J  llwy  conUiu  cnjiilliificN  K-limtiinj;  l.>  Ihc  poilal  iy«cni  (Muml 
vrnvlt  i^uag  lo  Ihi;  tiwrl.  *i"l  mha!!  vrwcl*  hiiovTi  a«  luclculk  coiin«tr>l 
wllh  tymph  tiMce*  in  ihc  wall  of  iht  intniinc.  Thr  lacltaU  Icail  inti>  a 
Idiuilivlinal  l]r(n|4i  rwatl  oi  thoracic  rtur I.  which  ojjciiiinlollip  umcljoii 
(if  the  tcJt  juijulat  anil  led  >ii1i:laiMn  vciiu  tl  ihqiootof  Ihc  neck.  The 
Mntcntt  III  iM  <hii:l  tn  a  fuiini;  jiiitii.il  me  rlcii ;  aficr  n  mcnl  x'nvj 
\wfL'ttne  mitky:  (he  rtianra  » <luc  i<>  ilic  nuitcri  diu-hargrd  ln(i>  \\  l^ 
the  Lwleak.  Il  n  nialniilc  Ihat  nnuly  all  Ihc  fnl  of  a  cnnil  it  abtiiilwit 
(mm  'he  (fiirilineJ  liy  the  Inirinili,  lull  it  n.  n«  certain  in  "hat  iiii\JL»i(f. 
if  ji    ■  ■■  trueoiih.-     '■■  ■  Ked  fno.1  uufit;  the  greater  part 

R<'  -  iMii  the  'I  the  jHitMl  aj'tirm,  which  an  con- 

taun^t  ir.  t.uti  villin,    Tih-  ini.i'iTi.-  1,1   .l".;,-.t.-(l   ixnteiti,  an  It  |mi*c» 

Ihtnu^h  the  mlb  ol  llie  villi,  ii  .'hn  ;'    i    >thcr  nrcHcicI*  neatly 

rrla'nl  in  Ihrwc  of  Ihc  Mowl,  for  no  pcj-il-^n,:  15  (uund  in  The  fxirtal  TOil. 

FuiKlfOH  of  Ike  LH'tr. 

We  BOW  know  the  fate  of  the  fats,  and  of  the  protcids 
oT  the  food,  nnd  the  mnnn«r  in  whieli  they  pass  into  ibo 
Mood  ;  but  »i:  mu»(   follow  the  starchy  mntcri.il,  or  carbo- 
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hydrates,  a  little  further.  The  starch,  w«  know,  is  converted 
inco  sugar,  and  this,  with  the  aaf^i  of  the  food,  |>a&9CT>  into 
the  capilbrid  of  the  villi,  and  is  carried  to  the  liver.  Dur- 
ing digestion  there  ix  an  increase  of  sugar  in  the  blood  veiMJ 
going  to  the  liver  from  the  intestine,  that  is,  in  the  |>orta] 
vein,  but  no  increase  in  the  hepatic  veins,  the  vessels  leav- 
ing the  liver.  The  increase  must,  therefore,  be  retained  \a 
that  organ,  and  wc  recognise  as  one  of  the  functions  of  the 
liver,  the  regulation  of  clie  amount  of  sugar  in  the  bh>od. 
There  is  no  special  nrgan  for  the  regulation  of  the  amount 
of  fat ;  the  drops  pass  through  the  capillar)'  walls,  and  are 
ret^tincd  in  the  connective  tissue. 

Wc  must  remember  that  at)  the  products  of  digestion, 
except  the  fat,  pass  through  the  liver,  which  receives  every- 
thing before  it  is  allowed  to  pass  iiiio  the  general  circula- 
tion. 'I'hui,  many  jwisons.  especially  metals,  are  arrested 
by  the  liver,  and  many  substances  which  result  from  digestive 
processes  and  would  be  harmful,  are  there  altered  into  harm- 
less compounds.  The  excess  of  sugar,  wc  have  already 
noted,  is  stored  in  the  liver.  Ii  is  converted  there  into  a 
substance  called  K'y<^0|!<^">  which  can  be  readily  reirans- 
fotmed  into  sugar  according  to  the  needs  of  the  s>-slcn). 
Glycogen  is  stored  in  the  muscles  also,  and  is  the  materia) 
chicRy  useful  as  the  fuel  for  the  supply  of  muscular  energy 
and  of  the  warmth  of  the  body.  Thus,  if  an  animal  be 
subjected  to  a  low  icmpcraiuie,  the  glycojjen  uf  the  liver 
d{sapi)ears  just  as  it  docs  during  the  perfonnance  of  muscular 
wort. 

Another  of  the  many  functions  of  the  liver  is  that  in  it 
nitrogenous  wa^ic  products  liegin  to  be  prepared  for  iheir 
final  elimination  by  the  kidneys. 

/tespirati&n. 

There  is  another  moitl  imjionant  food  stuff  to  be  noticed, 
namdy,  the  oxygen  which  is  absorbed  from  the  air  by  the 
htngB.  Wc  may  picture  a  lung  as  an  elastic  sponge-work  of 
air  diambCTS,  with  innumerable  blood  capillaries  in  the 
walls,  enclosed  in  an  aii-tiKht  box,  the  cbesi,  the  sia;  uf 
which  constantly  and  rhyttunically  varies,  Whun  wre  take 
in  a  breath  the  si/e  of  the  cheil  :s  increased,  the  air  preaiire 
within  is  lowered,  and  the  air  from  without  rushes  down 
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the  wim^Mpc  until  the  (irccturc  ti  criunliicd.     'I'ho  oinen 

of  rhis  air  comlfinn  mih  n  (ultiuoce  called  luuiMMlMiin, 

apnUiDcd  in  th«  n?d  corpc»cl«  t>f  ilm  lilood,  wid  to  ihua 

aaried  to  all  poru  of  the  Imdy.     'J1ic  pmo^iUim  oT  the 

uiiuiiii  haniy  a  Mronger  affinity  far  onyj^cn  iImd  hat  the 

^^to^obm,  takem  a*  iniich  ■•  it  rcqnim.     'Ilic  aibimii- 

yjj  fv  formed  a>  a  waste  prodoa  in  alMOffxyJ  liy  ihc  uavm 

^tbc  blood,  and  to  ia  tiiac  reachct  the  Iunf[s.     Hui  a*  ih« 

'  -        oftbe  ovbonic  acid  rn  tbr  air  ii  lowrr  than 

n,  dte  gM  caCHx*  ''«™  ^k  lallf  inV;  the 

at  ibe  hinfi.     Wbm  the  mm  of  the  cheM  it 

{^(■oaarc  n  ina^Mcd,  and  dWpa  CKipa  by 

tfac  iWLWMH'  ■»  BjBahaed.     ^  the  ffliwmil 

muMeou.  OBy|«  ia  eioiwttwdy 

to  ibc  tiawa  wkkb  aw  in  a 

Cor  it.  «Mr  iW  •«•«  cwfaowic 
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tea  find  to  regulate  the  temperature  by  variations  in  the 
i\T&  or  itK  blood  vessels. 

This  completes  our  sketch  (.il  of  ihe  process  by  which  the 
food  becomes  sraibble  for  the  cirginiMn  as  fuel  for  the 
m.nintcn.incc  of  its  life  energies,  and  (<*)  of  ilie  removal  of 
[he  waste  products  which  are  formed  as  the  ashes  of  life. 

There  are  indeed  some  organs  which  wc  have  not  men- 
tioned, sucli  as  the  spleen,  which  seems  to  be  an  area  for 
the  multiplication  of  blood  corpuscles,  and  the  thyroid 
gland,  which  seems  to  have  to  do  with  keepin){  the  bluud  at  a 
certsin  standard  of  etRcicncy,  but  what  we  have  Kiid  is 
perhaps  enough  to  convey  a  general  idea  of  the  processes  of 
life  in  a  higher  animal. 

In  coiiclutian,  U  in  pcrbap  UKfuI  lo  tcmnrh  ihnl  when  in  ihc 
Nunc  if  llinhci  Mii'lit«  the  ttu<lcn[  mwtt  wilh  <i^ni  which  ue  cullnl 
by  llif  unic  vam^  »<.  l)iD«r  fiiunil  in  nun  ur  in  MninmaU.  U.  fw  CKsniiJlc. 
ihc  "  liiTT  "  ol  till-  Mi>ll>i<ri-H.  he  iiiiitl  W  ciccful  iiol  lu  nuiipuw  that  Ihc 
functinii  of  i.ui:1i  a  "  livet "  n  ilic  miic  ni  in  MKuimali.  fui  comparatively 
liillr  invi-tt  1^01  ion  inio  the  phyiioUicy  of  ihc  lower  lypci'  i>f  aninml  hie 
hsi  i<i  yi-l  lievn  iiiailv.  At  the  ukiic  liiiic  he  muM  eleurly  fccucnitc  lh*t 
the  gii-nt  inleriijil  iivlikidct  sie  in  a  KcnrMi  wHjrthe  siiiic  in  tX\  Hiiimatli 
ihui,  rcipiriiliuii,  u  liellivr  Ac-oiiiplithetl  liy  skin,  ot  gills  or  ait  lubcBi 
01  lunip,  I7  hell)  or  ihe  rcl  |rigineiii  Ihitmugloliiu)  of  ihc  blood,  or  of 
iKiiiie  pipncni  nhich  is  iiol  red.  or  occuiiina  wilhom  ihe  pretence  of  nnjr 
IiIiKkI  ill  All,  itnayt  mcins  that  oxygen  \^  iMnilied  uliiiiMl  like  n  WtA  of 
fboil  W  Ihe  liuuci.  nnil  ih*l  the  oihanie  (ciil  g^  which  iciutit  frmn 
the  uai<l«li>>it  of  (url  u(  Ihc  malnlnl  ufllie  linnet  h  remiivcil. 

Modern  Conuption  0/  I'ratvflai'n. 

The  activities  of  animals  arc  ultimately  due  to  physical 
and  chemical  changes  associated  with  the  living  matter  or 
protoplasm.  This  is  a  mere  truism.  Wc  do  not  know  the 
nature  of  this  living  matter ;  in  fact,  our  most  certain  knovr- 
le<lge  of  it  is  that  in  otir  brains  its  activity  is  expressed  as 
thotight. 

\Vhefi  niorv  is  known  in  regard  to  ihc  chemistry  and 
phj-sics  of  living  mntler,  it  may  be  possible  lo  bring  vital 
phenomena  more  into  a  line  with  the  change*  which  are 
observed  in  inor{;anic  things.  At  present,  however,  it  is 
idle  to  deny  that  vital  phenomena  nre  things  apart.  Not 
ev«n  the  »imi)lcst  of  them  can  be  explained  in  terms  of 
chemistry  and  physics,  f^vcn  the  passage  of  digested  food 
from  the  gut  to  the  blood  vesseb  is  more  than  ordinary 
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physkral  osmosis ;  tt  is  modified  hy  thv  faxx  (hat  the  cells 
arc  living. 

Frotu  Uit  [loint  or  \tew  of  a  5lu<!t;nl  of  phjrwcs  Dr.  J.  Joly 
draws  ihc  following  coiitr:ut  bciweeii  an  aiiinuie  and  au 
inaninmie  Ixxly : — "  White  the  transfer  of  «n«rgy  into  any 
inanimate  material  ^yslcm  is  attended  t>>-  cITects  retardativ'e 
of  the  transfer  and  conducive  10  dissipation,  the  transfer  of 
cneti^  into  any  animate  material  syitcm  is  attended  by 
effects  conducive  to  the  transfer  and  rctardative  of  dis- 
sipation." 

But  though  we  cannot  anal^'sc  living  mniter,  nor  tlioroughly 
exiilain  the  changes  b>'  which  the  material  of  the  liody 
hrcaks  down  or  is  built  up,  wc  can  trace,  by  chemical 
analysis,  how  food  pa$>«s  through  various  tran^onnn lions 
till  it  l»cconica  a  tueable  i»»rt  of  the  liviity  Itody,  and  we  can 
also  calcli  some  of  the  waste  products  formed  when  ntuxcles 
or  other  jnrls  are  active. 

.\\ixn  ftum  any  theory,  it  is  certain  that  waste  products 
are  formed  when  work  is  done,  and  that  living  animals  have 
a  marvellous  power  of  rapid  repair,  of  ceaselessly  changing, 
and  )'et  remaining  more  or  less  the  same.  Theory  bct;ins 
wheii  we  attemix  to  malcc  the  general  idea  of  waste  and 
repair  more  ptccttc.  In  the  study  of  "protopbsm,"  both 
morphologist  and  physiologist  have  reached  their  strict 
limits.  Further  analysis  becomes  physical  and  chemical, 
and  ends  in  the  confession  that  protoiilasm  is  a  marvellous 
form  of  matter  in  motion  or  a  sulxle  kind  of  motion  of 
which  we  can  form  only  it  very  vn^uc  conception. 

"WtM  W  known  in  rv^til  to  tbc  Miacliitc  of  jnoluplMin  linn  n^>l  hcl|> 
Itie  phjniokfiM  v«iy  mncli.  A>  •>«  shall  nfirrwtinit  we.  1)10  (iiici^' 
tca|>ut*  Hitonir  an  ititnaile  nciwotk  «hich  j^nadci.  each  unit  of  livitic 
nuilcr.  t«ll  no  jitiytloJni^l  ilrcnnit  of  cii>lAiiiinc  ihc  life  a(  a  cell  in 
Irinit  ol  iu  niici>ku.-<i|imlly  vitibti.'  tttiidiiK'.  Vrl.  m  lliiiilun  Suiiiici- 
•011  uyi.  ■'  We  Mill  hcilil  l'>  ihc  luTHlnmrnul  piindiilc  lluil  living  nialtcc 
act!  Iiy  viniir  of  iii  viiuctniv.  inoviilcd  (hr  titm  ^lnJclu(«  Im  atKA  In  n 
tttat  which  cMna  ii  hc^'ancl  ihc  limils  of  anatomical  inv«lig«tion. 
(.»,,  beyooil  Ihr  kni»k<lKc  ithich  qui  \>c  atiiiincil  either  )<y  the  scalpel 
01  ihe  Dicnampr."  Riii.  in  the  cnil,  (lit*  miMni  that  living  miner  acts 
Invirntf  of  iu  peculiar  unalilio,  its  chiinictetiMie  aiiHiun,  al  which  wc 
coA  fiimi  Mljr  a  hypothetiad  conoquioii,  and  can  elve  no  wIcntilK: 
otpliwMion. 

0««  (cneral  vXnt.  htrtieii^t.  Ihc  «udy  of  ilruelure  hu  sne^cuvd, 
whkh  the  ooncluMun*  M  phyiiiloclxts  oottobamte.     This  idea  w— that 


I 
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«  Mil  tNHtaltra  n(  II  roUiltelir  tuUe  living  fruwworit,  md  of  • 

IhI  '•■it'i'iii  mi.linr-l  \tf  li. 

h-tw,  iiiHisy  [iliy>liilii||ti<u  trpuit  the  frniKwock  u  tha  LUi«inL  E«ia| 
l<«Mii)iliiii>i,  aiul  ihr  oonlml*  a*  lliir  matriul  upon  vWdi  K  aa^  ~  The 
IIHiMHiiil,  It  i|ieaL-ilnKP*rl,  which  lim.  *nd  ii  lUble:  the  cootcat  b 
ill*  si'liiil  •<!,  |aii,  willed  )>iit  never  livcil,  and  ii  latalc  Ximl  ii,— in  a 
•1*111  III  iiiuitt-iilliiii  i>i  clii'Milcal  tisiikfiaiiulHin.''  Thit  t'wm  aafiatly 
jra'l-  i>i<  •  "III.  ml'ipi  ii  iixcKuiil  |iT<'lii|>U)i(n  u a lul c/ fanncM aeiiof 
'III  I  M  I  i>  ■  iiihU'iMI  H'lilch  II  I)i0ught  tn  ii,  and  which  totwit  the 

X>'||  i'iii|'  iiil  |nil  ■>!  radi  nil,  Vim  nitl  irmrinlif  T  ihit  thr  Wnmi 
•M-  ii'iiiili'  •<(  R  hiinrnl  It  lliai  ii  on  act  on  oiIm*  whriMMa  kiUmmi 
lialiiu  i>a>ll  ntl'r.'Kil  liy  tlic  rhniiGo  which  ii  jirixhKia, and  ihalk  (an^ 
'III  '(•■lliH  Ml  iriiiiiniiiiiiily  will)  n  \icmet  which  hai  no  diiect  celaiino  lo 


\n  ihrw  rrt|>rrci,  thnrfixc,  liviaK  mailer  fcacwblta  a 


li«  naiHiini. 
hiiii»iit 
Ii>iiii*wli4i  ilini-irtil,  liiniTvci,  ii  anothn  iilca,— thai  ihc 

1*  ll>'<l  I  III'  ■■■I  «l  itiiuuin  rhiui|;ei  that  tl  a  <onsiaui)v  licing  « 

Diiit  I Ilii<  «iir  ImuiiI,  niiiFv  «>  \as  crude  Ibod  povM  iiua  life 

lif  ,■  If  «iilmi>(  julmilallvi!  'ii  cnntlniclivc  ehonkal  rhaniii 

<*lii  >i|(ii  iiir  mAiriial  txcmnnn  molocslady  Btnre  napka  and 

n>i"  I  III  iliT  nihil  linnd,  lliffprotoplaiiD,  aait  bcMBMactita 

fU  "  '  '"     '  -   tiiiiri  tn  a  dticcnding  irris  of  din«pll*e 

<ir    '  'iittlni;  in  wnttc  I'tiKlucU. 

I  I      '    ■  I  ,.  I,       ii.iilfn  Mioi(ij)lii*ni  Bi  a  »o«i  of  ferment, 

(»iliii>i>  ilii<  mil  I  n  In  li  II  III  III  ihi-  iiuti-rlal  on  whkh  the  piDMfdMm  act*. 
till  tiiiiHil  vIkw  ii|(ii(iU  |ir>iiti|ilii*iTi  at  thr  cllniaii  orcentnltciinof  Uu: 
MiMt|iiii|tvi  NmI  illMii|itlta  iMtlaMitm. 

AmthfUsm  ami  KataMitm. 

All  iiliyaloliiKlma  tru  agreed  thni  in  We  there  '%%»  twofold 
|»MNii*<i  nf  w«M»  mm)  rci»ir,  oTdiM^hnrKL-  3ml  reMiiulion,  of 
ih4I*I|)i  aiitl  rfloli(ierollva  mt.  Kul  xhvtv  ik  no  ceruinty  as 
III  lll«  |MIII'Ul>  IMIIIIC  of  thill  Iwo-foli)  prCHXM. 

I   t     I  •    -'  ^^icaj  (iiiilln  jvii  will  have  lo  MSiiikt 

<r  apiifcnUlnc  ihnac  dilhnnt  hindt  of  \' 

I't  of  eiilniir.     li  i*«a  in  Wudylac  Ihav  lE 

mail  Iniecniiiiglhcoijr of  Uvintf  nuUln,     He 

><  •>«  aliiMI  Ihc  irtina  three  dlHtKnt  "tmmI 

<<1  A,  It, C      \U  uiiijiaMa  ihu  each 

•lie  of  i»>o  kiniU  oi  nHtaboUmk     It 

'ix.iUdua,  ot  U  Ik  bvii^  Uoken  down  b  dh 

-  ihai  cw*  of  iheac  •uhawKa  u  nifccitd  '  _ 

luu  (Immi  l>n  kiikdk  (if  Ufht   have  uppisilc 

.III  iif  ihe  wbrfanco     When  «c  have  a  wnia- 

'  ■•(  ti-l!fva.  11  in  mpiiatnl  that  in  one  nf  ibc 

'inilailoH  ii  |Me|ion'lcnwl.     Wh 

<  ■•nt.  "I  of  liloe,  II  i(  tu|ipaaoil  Ih 

■  ■,  ,.iiwii.-i  <i->i  11  itiiriiiincrtaMtinillatiuciispKiKMidcnali^ 

■AtmUaiWm  In  A  uivm  »•  ihr  tenwIiiHi  nf  whlwt  •* 
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ot  miotilalioo  ol  A  giw  in  ihi  tciiuitioii  uf  lilack  ;  and  timitiuly  iciili 
red  anil  erccn  fof  B,  wilh  jtIIuw  am)  blue  for  C. 

Dul  jftncrnllting  from  hit  iIikIim  on  culoiir  ieiwjilion,  Herinj;  *M»  Itrf 
to  rcf;uil  alt  life  u  aa  altcrniuJDn  ortHo  kiniU  nf  activity,  Ixilli  inituccd 
l-]r  winuluk  (he  one  Icnilir^;  lo  ■■<i>raQc.  cunklrui^linn.  uJuiniilnUciii  uf 
niHlerUI.  itic  •ithci  l«n(liii|;  i"  r*|il<»i'm.  •li>fii{<lii>ii,  i!iKih>inuUiiiiii. 
Biitti  j>riK«n«ii  Ktr,  ■coriiini;  In  f  Iciing.  ncliviiiu  ;  bolh  aic  ilcpcnik'iit 
upon  sfimulus ;  thry  tliDct.  \\<fHv\rt,  in  dimiiun  nncl  mwiMil 

In  youi  dMuce  jitiyiiotocicil  ttudic*  jrou  will  iba  letrn  of  ihc  iwlliiat 
chianeb  by  irhich  ihe  ftnin  waili  lu  iiijiictjout  cfliiinwiult  lo  ihe 
rariouk  |M>ti  of  iIm  Ixxty-  Vou  will  lc»n  ihat  Mine  of  ilictc  ljc*r 
Impulwi  to  Mtiriiy.  wlulc  oihrre  convey  oommaniU  which  wnil  ihe 
sfligclcil  paiT  lo  ml. 

ll  wai  in  iiuilvtng  voA  eiwIt  cluciJ>iiiie  IhcH-  btcmting  liictia  thai 
Pmlounr  GukcU  was  led  lo  a  incoiy  of  viul  Mllon  MmewMt  tliflcrcnt 
from  ihal  of  lIcrinK- 

CiailLcll  belinv*  Ihal  life  lucaiik  an  AtlrinEitioii  uftwu  [iKKiw^fi.  •>nci>( 
ihrin  ■  nmaini^  dona  <u  ilUnipiiod  {kaiutKiinm).  ihc  nihrr  a  uiiiilmg 
up  UT  oonilTuclKin  (analiulimi)-  Tlif  iliirujilivc  en  kaNi><i>lic  prufcu  in 
which  eMin  ii  dcKfaaixnl,  bikci  place  ocmsiunally  and  in  utwUenoc  lu 
iiinuiliu;  uic  conutuchvc  o«  aiuitiolic  pioccnof  lolitulionnKsoncon' 
Manily  and  of  iiwlf,  i-t-,  williDUl  the  occoiily  of  MimuJui.  'lliu. 
tiwhcll'i  l>><^uy  kUCECMi  aa  allernalion  ofncllvllyand  ml.  of  tlimutalril 
■liiintjilloo  awl  »d?-K|;ii'.ili>r  CjiiMrucii-m,  whik  Ilciing'*  lliroiy 
iii||i;mi  an  alltnulkin  •>(  loti  .inlaipiiiiiitic  kiniN  of  adivity,  aMimilstion 
nDiT itiusainulaiion.  both  rciuitiiu;  iliniirliH.  The  student  *ill  find  ihc 
theflripv  which  I  hm«  ►wlly  noticed,  diictuicd  Jn  Prafcaor  M.  FoiIerK 
ari'<  .     '  lUiiV,  in  ihe  En.-/tUf^Jia  iSril-uiaiia.  antt  In  on  mhliort 

\n   I  !  .i«lon  Sdoilrruin  lllniith  Autit'lation  Kc|>>~>Ttk,  1H89.  nn'l 

tin-  I ..-.-<..,  ui  A^«fiirv,  Suplcmlirc  l)(S9], 
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AxTvv;^  "-J.*  S;  iTj-rn-i  irr;  ,x  osac.  3  Tispid  to  iheir 
»it;^-;i;s  ,c  :r  rtari^-  :-"  ^■^r  ra-t*-  '»Vt  ri»r  «il  bow  ibey 
h\*-  cc  » rj:  :iw>  i^  — ^Or  ;e  .  ••«  =u>  ^vefogau  their 
fu:vt^,V!5  ."it  tSr;T  i;r-A"T=T«.  T^ir  stjct  v«  laie,  activity, 
ii::x;:vir,   :;  T'h>>;--j-x:"  -    ■'^   ics^   .~t'  ptns.  irtiiitccnii^. 

Tht'  r.T*:  u*i  .v"  thp;  Tw-cyiS.v-.v^i;  ^  :c  oc^T^be  stiucnire 
idi*i.~;\;-.» f  iTu;.-^.-.y  .  :Se  stvvirts:  ;>  r^i  <-\-«apat«  the  parts 
(X  OT^t  :i~:r.S.  «i:>.  ;h,5*  ^  »T>,T:h*:  iv^-joiarirt  aniiomy): 
the  ;h;ni  -.s  ;,■>  ji erx-rAl-.se.  :i>  :cici2;:j:c  the  "pradpies  <rf 

Bu:  ■■js;  AS  ;ht'  :hi>u-".,Y-'^  :r:»is;:j:i:cs  iil'e  01  actirity  at 
ditierer:  levels,  ;\ijj:rj;  :Vcr.'.  hi*  s;-.;d\  iX  ihe  aninu]  as  a 
uni:y  »i;h  cenjin  haS::;,.  :o  i->T.i-cer  ::  as  an  engine  of 
orjaro,  a  *-h  of  ::>*-^t^  a  i,::y  o:  iv!!<^  2-7^  a  whirlpool  of 
liv:np  njticr :  :-.>  ihc  n^oiphi'liv;*;  'r-js  -.i-  invesiigaie  the 
form  •.■:  ihc  nhole  a:i;ru!.  :hen  -.n  sut\-essio:i  its  organs, 
tht-ir  ci.inifionen:  i:>SLf?,  irir:t  ivni(v:itn;  ceils,  and  finaily, 
ihi.-  structuff  of  pro;op'.a>iii  ii5*:-!i".  Theta^ks  of  mor^iholt^" 
and  (;f  jjhvsiolog>'  arc  furalltl. 

Mor|)holopy  thu>  mcliidt.-s  not  only  the  description  of  cx- 
itrnal  fonn.  noi  only  the  anatomy  ot  ofjians,  but  also  that 
ininuit  anatomy  of  tissues  and  ceils  and  protoplasm  which 
w:  -all  hiM'jIiipy,  Moreover,  there  is  no  real  difference  be- 
iw  tn  MiidyinK  ffjssil  animals  which  died  and  were  buried 
(oiintl'^s-.  years  ai;o,  and  dissecting  a  modern  frog.  The 
an^tt'iini'.al  jialx'oniologisi  is  also  a  student  of  morpholog)'. 
I'lfiatly,  as  ilie  greater  (>an  of  cmbrjology  consists  in  study- 
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ing  the  aiutomy  and  hixtolog)-  of  an  organian  at  various 
tia^  of  iis  dfvelopcnvni.  ibc  worlc  of  ilie  embr^ulo^pst  is 
ftbo  in  the  nuin  moqiholocical,  though  lie  ha.t  also  to  in- 
form tis,  if  h«  can,  about  the  |>hy«ii)togf  of  dcvelopmeni. 

Moq>Iioloi;)'  has  been  tl'.^linc-d  by  Ocddcs  as  "the  study 
of  all  the  statical  asjxctK  of  organisms,"  in  contrast  lo 
physiology,  which  is  concerned  wriih  their  vital  dynamics. 
In  this  chapter  we  shall  follow  (he  historical  de%'cloj>men!  of 
morphology,  and  worlc  from  the  outside  inwards  in  dec)>er 
and  deeper  analysis. 


1.    EXTBKNAL    FOKM, 

TVir  rr,im  <^«n  MihiMl  is  iW  lu  llw  inlciarti«n  ol  lw(i  i-sHiMm — ihr 
ii^ic  nwilrriil  shich  compotes  (In-  utj^nitm,  nml  the  cnvituli' 
'  h  pluys  U|nn  il.  In  fncl,  an  inimal  lakrt  dclimle  lorm  just 
u  *  ci}>tuJ  ikwB :  in  botli  iIm  dupc  i>  ilctcrmincd  b}'  the  naiuic  (if  the 
uuff  anil  Iiy  ihc  HrrouiKllni:  iaAucBon.  AciWii)',  ot  (iinciiun.  aXw 
aHctl*  fofin;  Iwl  filtKtian  i*  iikicIj'  acliixl  ami  rcntiion  IclHvtn  <hr 
uiinul  and  tit  uufouiidinn.  Siicli  lUlemrnli.  Iimvcvcr.  arc  ptaiiltnln  i 
wc  vt  <if  ftmi  Mn^  able  to  tiplntn  Ihc  cmiditii^ni  ofgKniih  Mhich 
lesil  i<j  ihii  ihape  «r  lli*l. 

i\t  fc|;mfil>  (jrmnctry,  anlmalt  niny  tie  •iit(iD(^s>hc<l  u: — 

(ill  Kxliullf  SyiniiKtiical  -, 

(4)  flilMi'nilijr  Sinimrlrinl ;  or 

(i-)  Aiymincirical. 

In  a  radiatly  syDUiietricil  iniinal.  hurli  ii<  a  jc1l)^-h»li.  Ihc  Ix^tly  cuii 
l«  halnd  bv  •  nnmbct  of  t-ntical  plsnn — k  it  HvniRicIricnl  uuund  a 
median  vc«ik«1  axa.  Thu  U,  ii  »  the  same  al)  tuund.  ami  hai  no 
r^(  uc  kfl  wlc.  In  a  IntaTCFnlly  lymnwlrical  Iwdy.  nich  a.%  out  (mn, 
ibcrc  1*  tiui  une  planu  ihioii^h  which  ikc  Indy  oui  lie  >ialvc<l-  In  an 
MyitMIWtrical  aiunisl,  •uc)i  a<  »  xuul.  ocmrale  lulviiig  i*  iinpuuibtc. 

R>clk)  kymmrtr)'  it  illii'irsttil  Iw  umi'lr  S|>iii)rr>.  imni  Orlcntcta, 
and  by  manit  aJuU  KctiiniKlviint.  A»  it  ik  ihc  rule  in  the  Ium  tnvii-ai 
ritwi  I  of  MclaniB,  aod  u  ii  it  thnmcti:i[<itic  uf  (hf  v«ry  cvniimm 
tai)wyo«lc  Uicc  ki»wn  u  Ihc  ^-aiirula  (an  oval  or  thimble  stisixsl  tac 
eooMUlnc  or  ■■«  layen  of  cdli).  il  U  proliably  mote  pcimilivc  llian  the 
liUatcml  tymmclry  chafa<icn>iic  of  miNi  animal*  oboit  Cmlcnlcra. 
Kadia)  aymmrliy  mitiik  Imi  i^ultcd  fur  «e<kclan'  life,  or  fnr  ainilcvi 
floaling  and  drinni;.  HiInlTtnl  xymmcliy  prulBtify  ariitc  oa  it  liccunK 
■dvantafjeuiu  far  animali  to  moic  cncrneiically  and  in  ilclinile  ilim;- 
lluoa,  In  jwmac  (h«it  prey  and  avmd  ihrir  rncmio^  Anions  many 
ctUal  autmab,  tome  wonn  Ijpc  protabJT  ilcicrvca  Ihc  ctcilit  of  bccin- 
lull):  the  piuiUabIc  )ial^  of  nio*ini{  hcod-ron-nitHl ;  had  wmc  unc  not 
uWrn  tllhi  sitp.  vrc  fllouhl  orrtr  have  knoti  n  mii  rl|;hl  h^nil  from  iiiir 
left. 
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II.  Oltr.AIfS. 

We  gire  this  name  to  nny  wcll-delined  pnrt  of  an  animal, 
such  as  heart  or  brain,  '['he  word  Buggc:iis  a  piece  of 
mechanism ;  but  th<.'  aninial  is  more  than  a  compltx  eneine, 
and  many  oi^ns  ha\'e  several  different  actiritieii  to  u-liich 
their  visible  siniciure  ^ive^  little  clue. 

Difftrtntiation  and  Inltgrathn. 

When  wc  review  the  animal  Kcrics,  or  study  the  devck>p- 
ment  or  an  individual,  wc  sec  that  organs  appear  gradually. 
'ITic  g.A!>truIa  tavily^lhc  future  slomnch — ^is  the  first  aciguis)- 
(ion,  l>ut  some  would  make  out  that  it  was  primitively  a 
brood  chamber.  To  hcuiii  with,  it  is  a  simple  sac,  but  it 
soon  becomes  coi)i|ili<-aie(l  by  digestive  and  other  outgrowths. 
The  (trogrcss  of  the  individual,  and  of  the  rntc,  ts  from 
sim|>licity  (o  complexity.  When  we  think  over  the  animal 
K'fies  wc  also  noiioe  that  before  dcdnitc  nervous  organs 
a|>)>ear  there  is  diffuse  irritability,  before  definite  muscular 
organs  appear  there  is  diffuse  contractility,  and  u>  on.  In 
other  words,  functions  come  before  organs,  'lite  attairunent 
of  or^ns  implies  specialisation  of  parts,  or  concentration  of 
ftinctiODs  in  (urticular  areas  of  the  l>ody. 

Contr.ist  a  frog  with  /fydra,  and  one  of  the  great  facts 
alMHil  the  evolution  of  organs  is  illustrated.  Amoivg  (he 
living  units  which  make  up  a  frog,  there  is  much  mon: 
diviitioti  of  labour  than  there  is  among  tlvo»e  of  Hydra.  An 
excited  reiKesentative  sample  of  Hydra  will  rq>roducc  the 
whok,  but  you  cannot  [>rrfotm  thi»  e:i|N.-nmeni  with  the 
frog.  Now,  the  strtictural  result  of  this  |>h)-siological  division 
of  labotir  is  difftrtntialhu.  Tlie  animal,  or  part  of  it,  becontes 
more  iximplex.  mon-  heteri^rwous. 

ConlraU  a  bird  and  a  sponi^,  and  another  great  fact 
alwul  iIm:  evolution  of  organs  is  illustrated.  The  bird  b 
nw>re  of  a  unity  than  a  sponge  :  its  (arls  are  more  closcl)' 
knit  tiigcilier  ami  more  adc>|uatcly  sulmrdinaied  to  the  life 
of  tlic  whole,  Wc  call  this  kind  of  jirogress,  iutrgratum. 
Diffen^ntialion  involves  ilii-  aci|uisition  of  i>cw  ports  and 
jinwrtK,   ibno  are  '  <k-d    artd   harmonisod  as  tl>e 

aniiiuil  becomes  mo"  -d. 
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ComlafioH  of  Organs. 
[9  of  th«  very  naiutc  of  lui  orgnniun  th.ii  its  pnrls 
should  >>e  iiiuiunll)'  dviKntteni.  I'hc  organs  are  nil 
partner*  in  the  business  of  life,  and,  if  one  mcmbirT  sulTcr, 
others  also  are  affected-  Thb  is  especially  true  of  certain 
r  organs  which  haM.-  dc%Lloped  and  e^-olvcd  together,  and  are 
knit  by  close  physiological  bonds.  Thus,  the  cir4:ulat<>r>-  and 
(lie  respiratory  s)'>tems,  the  miiicuLiT  aiid  the  skelet:il  syxleins, 
tlie  l>rain  and  (he  nenw  orfians,  arc  very  closely  united,  and 
we  say  t)ui[  Ihcy  arc  corrclaltii.  A  variation,  for  better  or 
worse,  in  one  system  often  brin|!;s  nboui  a  eorrtlaltJ  varialhn 
in  another,  but  sonvetimes  we  cannot  trace  the  coniiectioit. 

Homologous  Organs. 

Organs  which  arise  from  the  same  primitive  layer  of 
the  cmlir)-o  (sec  Chapter  IV. >,  have  something  in  common. 
Hilt  when  a  number  of  organs  arise  in  the  same  way.  from 
the  iixmc  embryonic  material,  and  are  at  first  fashioned  on 
the  »me  plan,  they  liat-e  still  more  in  common.  Nor  will 
thii  fundamental  >amenea.s  Ik  affected  though  the  final 
,thape  and  use  of  the  various  (itg;iit»  be  very  different.  W'c 
call  organs  orhieh  arc  thus  »tnjcturatly  and  dcvclopmenially 
similar,  h^meiog^Mt.  'Ilius,  the  nineteen  pairs  of  appendages 
on  a  crayfish  arc  all  homologous  ;  the  three  pairs  of  "  jaws  " 
Jn  an  initecl  ore  humologoiu  with  the  inlet's  \t:ffi  ;  and  il 
IS  also  Ittie  that  the  fore-lcj;  of  a  frog,  the  win^  »l  a  Inrd,  (he 
flipper  of  a  whale,  the  arm  of  a  man.  are  all  homologous. 
On  the  other  hand,  the  wing  of  a  bird  and  the  viiny,  of  an 
insect,  which  resemble  one  another  in  being  organs  of 
flight,  are  not  the  least  alike  tn  structure ;  this  ta  expressed 
by  saying  that  they  ate  only  tinaloginii.  Vet  (wo  organs 
may  l>e  both  homologous  and  analogous,  t.g.,  the  wing  of  a 
bird  and  the  wing  of  a  bat,  for  Im>iIi  are  fore-limlu,  and 
Inuh  are  organs  of  Uight.  Sometimes  two  organs  or  (wo 
oiganisms — <leeply  different  in  structure — have  a  marked 
&u|>ctficial  resemblance,  simply  because  both  have  arisen  in 
Malum  to  similar  cofidition.i  of  life.  Thus  a  burrowing 
ri,  a  iHirrowing  li/ard.  and  a  humivring  snake,  re- 

le  another  m  I)einglinil4t:*.s,  but  this  "convc^encc" 

ul  furiii  docs  not  indicate  .-iny  relationship  between  them. 

To  dcsctibc  such  cases  the  term  homoplastic  \%  used. 
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Change  i^  Fti actum. 
Division  of  bhour  in»)tvt:«  rrslriciion  of  functions  in  the  , 
Wfcral  [arts  of  an  animal,  and  no  tii^cr  Mcia/oo  could  ha>« 
■nwn  if  all  the  cell*  had  rcnuined  with  ihc  ta&ny-< 
quslitiet  of  Amoeba:.  Yet  we  must  avoid  thinking  aboui 
or^ns  as  if  tbcy  were  neceuarily  actn'e  in  one  way  only. 
VoT  many  oncans,  t^.,  the  ttver,  have  leveral  wt)-  distinct 
fun<;tioni,  and  wc  know  how  wondronxty  di^'er^e  an  the 
a^ivitiet  in  out  hniins.  In  addition  tn  the  main  function 
of  an  organ  there  are  often  SDCondaiy  funcuotu ;  Ihtn,  the 
wing!  of  an  tnaeci  may  tic  lespiniory  as  well  as  hxxKDotor, 
And  part  of  the  food  ranat  of  Tuniotes  and  AmfMaxMS  is 
Klnio«t  wholly  subservient  to  rcs[iiraiioii.  Moreover,  in 
"rgan*  which  are  not  very  hi};hly  specialised,  it  seems  as 
■he  cornponcni  dcmi:nis  TL-tained  a  con»denble  degrvc  i... 
Individuality,  so  that  in  course  of  time  what  wa»  a  sccontbry 

Pfunctlon  may  become  the  primary  one.  Thus  l>ohtn,  who 
hak  e^[it:4-ta1Iy  emphasised  this  idea  of  function  change,  says : 
"  f^vcT)  (unctiirti  is  the  resultant  of  several  components,  of, 
*hit-h  ,m,.  |„  the  chief  or  primar)-  fuiKtion,  while  tlic  otk 
*'i!  Rulmidiary  or  iecnndnry.  'I'he  diminution  of  the  chic 
fwnciion  and  the  acn^on  of  ■  ieco«»dary  function  change.^ 
*k  '"*''  ''"^*'"''  ■  ''^  secondary'  function  hecomes  gradually 
1^  ''hief  one  ;  tlw  result  is  the  inodificaiion  of  the  organ. ' 
^•••"cr.  in  illustration,  how  the  strwiurc  known  as  the 
'lUntiMt  i«  an  uiiimponani  hladder  in  the  frog,  while  in 
''*"'»  and  Repii!«  it  forms  a  ftcwl  memhrnnc  (chieflyJ 
'•^{iiratory )  around  the  «rabr>-o,  and  in  most  Manimaltf 
•"Tn**  yan  of  ibc  pUccnia  which  effects  nutritive  connection 
■^•een  uff*)irinB  and  mother. 

"  StU-ttirutitm  Iff  OrgOHS." 

,      "nic  Idtia  of  tcveral  chanfics  of  function  in  the  ei-nlutie^ 

1  h  *"  ''HPi'^  Htftscst*  another  of  itot  less  importaRce  whfeir 

|^y*_tKcn  einpliiisisod  liy  KUincnl>eTg,     An  illustraiion  will 

*~   '»tfl   it.      In  tlw  early  stages  of  all  rettehrjie  cnihryos, 

*up|Kttiing  asul   skeleton   b  the   notochord,— a  rod 

^otied  along  ihc  ilorul  wall  of  the  gut.      From  Kisha 

*'di,   ihm    eniliryunic   axis    is    gradually  replaced  itt 

'-lopmenl  by  the  rcrtcbral  column  or   lucltbone  ;   tb 

•^'•Oftl  don  no*  iMKHimc  the  backliunr,  but  is  rep'     " 
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by  it.  It  is  a  tcroitoraij'  structure,  around  which  the 
vertebral  column  n  consinicivd,  as  a  tall  chimney  may  be 
built  around  an  intuinal  scafTolding  of  wood.  Yet.  il  rc- 
Ri.iins  as  the  sole  axial  skeleton  in  Amfftitixus,  likewise  in 
gii;3t  port  in  ha^  and  Umprey.  but  becumcs  less  and  less 
persistent  in  Fishes  mtd  ht^her  Vnteliratet,  as  its  sulmitulc, 
Ihe  backlxifH^  develops  more  {icrFectly.  N*ow,  what  is  the 
relation  tictwceti  the-  notochord  and  its  substitute  thu  Itnck- 
bone.  fi«;ing  thai  the  formt-r  docs  not  become  the  latter? 
Klcincnbc^s  SUggesiioci  is  that  the  notocbord  supplies  the 
Stimulus,  the  t>eceftsary  condition,  for  the  fomiation  of  the 
backlwne.  or  course,  we  reijuire  to  know  more  about  the 
way  in  which  an  old-fashioned  structure  may  stimulate  the 
^ruwth  of  its  future  substitute,  but  the  general  idea  of  one 
organ  leading  on  to  another  is  suggeslive.  It  is  consistent 
with  our  general  conception  of  devdoproenl — tliat  each  stage 
supplies  the  necessary  stimulus  for  the  next  ste|>;  it  also 
beips  us  to  understand  more  clearly  how  new  structure*, 
too  incipient  to  be  of  use,  may  persist. 

RuJitnenlary  OrgnHf. 

In  many  animals  there  ace  Mruciures  which  attain  no 
compleie  development,  which  arc  rudimentary  in  com- 
parison with  thoM;  of  related  forms,  and  scL-m  retrogressive 
when  compared  with  their  promise  in  embryonic  life.  But 
it  is  necessary  to  distinj^uish  various  kinds  of  rudimentary 
suuciures.  {a)  As  a  pathological  variation,  probably  due 
to  »ome  germit»l  defect,  or  to  the  insufficient  nutrition  of 
the  embr)^),  the  bean  of  a  mammal  is  sometimes  incom- 
pletely formed.  Other  organs  may  be  similarly  spoilt  in 
the  making.  They  illustrate  arretleJ  devthpmtnl.  (3) 
Some  animals  lose,  in  the  course  of  Ihdr  life,  wme  of  the 
promiseful  characteristics  of  their  larval  life  ;  thus  parasitic 
cnistaceans  :)t  first  free-living,  and  sessile  sea  sttuirts  at 
first  frcc-swimming,  always  undergo  degtmralioH.  Tbe 
rctrogre»ston  can  be  seen  in  each  lifetime.  But  the  little 
Kiwi  of  New  Zealaiul,  with  mere  aiKiloj^ics  for  wings  and 
I  many  cave  fi.shes  and  rave  cnivtaccans  with  slight  hints  of 
ayes,  illustrate  degeneration  which  has  taken  such  a  hold  of 
the  aninials  that  the  young  stages  also  are  d^eneraie.  The 
retrogression  cannot  be  seen  m  each  tifetinie,  evident  as  it 
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Is  when  we  compare  these  degenerate  fonns  with  thdr 
anoeatnl  ideal,  u)  But  among  "  rudimuiitary  organs  "  wc 
also  include  structures  somewhat  dilTL-reiit,  ^x,  the  gill 
clefts  which  persist  in  embryonic  rcptili^,  birds,  and 
mammals,  though  ihcy  serve  no  obvious  purpose,  or  the 
embryonic  teeth  of  whalebone  whale*.  These  are  "  vtitigial 
t/ruetMrei,"  traces  of  ancestral  history,  and  intelligible  on  no 
other  theory.  The  ijill  clefts  are  used  for  respiration  in  all 
%'ertebraies  below  reptiles ;  the  ancestors  of  whalebone 
whales  doubtless  hnd  functional  (cclh.  In  regard  to  tl\ese 
persistent  vestigial  slriiutures,  it  must  also  be  recognised 
that  wc  arc  not  warranted  in  calling  ihcm  useless.  Though 
they  themselves  arc  not  functional,  the)  may  sometimes  be, 
as  Kleinenbeig  suggests,  necessary  for  the  growth  of  othct 
NtruLturcs  which  are  u.-ieful. 

CiaiiiJicati'M  a/  Orfiuti.~'Vlt  iiiiiv  alnui^e  the  Tiriuut  p«m  of  the 
body  phy*ii>lo|[ici1l^,  M'cuidine  i(<  Iheir  ihaii'  in  Ihc  1i(«.  TliUh  wmc 
jMftt  Hire  most  to  do  tt-iih  thcciC/rnd/ieUtioni  of  ihi- animixli :  inch 
ore  loMOiotor,  |iiclici»ilv.  food-iccclvine.  jiroicctitv.  A£t;"^"iic,  and 
topulaloi)'  i)r|[aiig(.  Of  iiUtrttat  partt,  llic  •kcktul  hicucliim  ntc  (inulir  ; 
(he  iicrviiut.  niiitciilai.  snil  i;UiidulM  |wrl>>  aiv  aclivi'.  I'hv  ii-|iru<lucliie 
orgKtit  arc  iliNiincl  rruiii  s,\\  the  ml.  They  arc  often  called  "  gonads," 
and  should  never  \k  culled  j'tnndi.  For  \yy  a  gland  we  meAn  an  organ 
which  i«Tele».  an  oipirv  whotc  <cl1»  pioduoe  and  Hlicrilc  wrae  deliaile 
chcmioU  lulwlADCe.  inch  ta  a  dieciiivc  feriiienl.  Whcrcai  the  Eonads 
aic  oigani  in  which  catain  cells,  kept  apart  (r«tn  ihe  tpeciauHttion 
chanclwlAtle  of  motl  of  the  "  hoily  etXU"  «r  "•oiuatlc  cell*,  ttr« 
mitltiidlrd,  and  rrnitusll^  lilirrated. 

Another  rlii»llii:fllrun  uf  •>i^niii  ii  cmtnj^lo^cal.  i.A.acojnIing  to  Ihe 
etuloyonic  Uytt  from  which  the  luriow  pons  ariic  Thu*.  the  ontei 
layer  of  the  cnibtyo  lilic  ectoderm  ra  epilblMl)  6annt  in  the  adull  (i) 
(he  outer  tkin  or  epiderniik  ;  U]  Il<e  neri>oui  tjitlem  :  I3)  much  at  Icul 
nf  the  untc  n(g..iiih  :  the  Iiinci  layer  of  the  cinliryo  (Ihe  eiidoilcrni  at 
hy|Vj))lai.i;  fi.iriiii'  al  leii't  ail  im;iurtant  [url  (Ihc  "mid  gut  ")  of  the  food 
canal,  nnd  Ihe  U-»it  i-f  oulgitmlhi  (lungi.  liver,  |Nincrea«.  Sic.)  whkh 
m.iy  oiisF  therefrom,  and  al»  [he  notochord  of  Verlebrata  I  the  miildle 
layw  of  the  emlnji*  (the  mesodetm  01  me»olil(u.i)  foimi  tkclclon.  eon- 
ncelive  swulhine^  muwlc.  &c. 

It  U  impoilani  In  a<lufit  tumc  order  of  dcwtlptlon.  It  It  obvloutly 
prcjuillcial  Ki  the  «uuceu  of  yuui  ootk  and  tn  Ihc  health  of  your  braint, 
10  dcKriLic  an  tuiimal  in  any  order  t)ml  orcuis  <o  yuu.  lo  skip  from  food- 
canat  (a  kidnegr,  or  from  htarl  10  reproduciixc  urpiiiL  Therefore,  in  roy 
deicriptioiu  I  ihill  follow,  a! qichi  conuvleiitl)-.  ihu  oidetof  ircatmcni  :  — 
Mode  of  life,  fbnn,  cvlcmal  apgicnilKcev  tViti.  tkelelon,  luutcle,  nervoui. 
lyilem,  ktox  urpiuii.  fexxX  CHnii!.  Ixidy  cavity.  VAtciiliir  (yklem.  retpira- 
lory  tyiitciii,  riereiory  tyttcin.  leprwluclive  tyitcm,  dcvejajinient. 
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III.  Tissues. 

Zoological  anatomists,  of  whom  Cuvicr  may  be  Uken  aa  a 
Vj^.  aiuly>>c  anim^tls  into  their  component  or^aiut,  and  A\^ 
«n'i:r  the  homologies  iKiween  one  animal  and  another.  But 
a^  early  as  i&ot.  Bich^l  had  published  \\a  AtialomU  Genfni/t, 
in  which  he  carried  the  analj'niH  furlher,  showing  (hst  the 
otganx  were  compoaed  or  tistua,  contractile,  nervous,  gland- 
ular, &C.  In  tSjfi-^  Schwann  and  Schlcidcn  forniiilatG<3 
the  "cell  theory,"  in  which  was  §uicd  ihc  result  of  yet 
deeper  analysis— that  all  organisms  have  a  €4lMar  structure 
and  origin.  The  simplest  animals  (Protocoa)  are  typically 
sin^e  cells  or  unit  nusses  of  living  matter ;  a.s  surh  all 
animals  bcjtin  ;  l»ut  all,  c3ii-e(X  the  simplest,  con'iisi  of 
htmdredi  of  lhc«c  cells  united  into  more  or  less  homo- 
geneous companies  (tissues)  which  may  be  compacted,  as 
we  have  seen,  into  organs.  If  wc  think  of  the  organism  as 
a  ^re:il  city  of  ccllk,  the  tissues  reprcient  streets  (like  some 
of  th(n<-  in  !.cii>/-ig)  in  each  of  which  some  one  kind  of 
function  or  trKlustr)*  predominate)!. 

Since  Lc)-dig  gave  a  strong  foundation  to  comparative 
hisiotogy  in  his  remarkable  Lehrbti<h  d<r  I/istologU  4ei 
MemckeM  und  tier  Tfiure  (Frankfurt,  1857),  the  study  has 
been  posecuted  with  ^reat  energty,  and  has  been  constantly 
RtimiiUted  by  improventcnts  in  microscopic  appnmius  and 
leclmiijue. 

The  student  should  read  the  introductory  chapters  in  one 
uT  the  numerous  works  on  histolog)-,  so  as  to  gain  a  general 
iiJta  of  tlie  characters  of  the  dilTcreni  tissues. 

'Hiere  are  four  great  kinds, — epithelial,  connective,  muv 
cDlar,  and  nervowi. 

(d)  EpithtUal  TUau 

it  Blwunloi]  t^  the  ntetnal  Uvrr  or  Ilv  Kkin  (cplilnmitl,  Ihe  blcmal 
(mlolbeliai)  luiUc  of  itie  food  canal  anil  Iia  iiiilKiowihs  ilic  \xW\i\<f^  of 
thr  tcniy  cdiily, &c.  ;  t^-lbec«ily*rr«neFni«n!M)rcdlsinall  vta\yKm\ 
■ad  \rf  tiK  i>iin|ilcu  Mctoioa.  tueh  tu  iMia.  whose  tubulu  body  it 
U»nl  tiy  lw»  layutt  c4  i-|Uthel!iun.  F.iiitiiynliiciaillr  nnil  hutoncallv, 
•phbelium  i>  the  mml  pcimitiic  hinil  "f  liviuc.  Ii  may  lie  iingle 
byool  or  urilibd  1  iU  cclK  luy  tic  oiliminiii.  ><«le-likc.  «i  oiberwuc. 
The  celli  nwy  l«  dote  i^^liri,  or  lepfttitccl  liy  inierMllulm  1|mc», 
in>l  (l>cr  4n  iifi«u  cnanounl  \ty  b()Je<^  of  livini;  mattrr.  Nw  MC  tbe 
iwctlona  tA  tpllbttluM  Icm  dlvertc  tltui  iti  fimn*,  lor  it  inay  )>r  ciliatd 
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rannlag  loiua orpm),  at  gliBitidM  (tIhMitlM>  «afiafa  pmdwi»ar«*M 
Itw  Mlwlt  oonlMt*  nf  lt»  cdU).  or  ptEUcnM  taad  1^  wntwawl  silk 
MtpirMloit,  ctotticn.  ami  pniecOaai.  at  uiiuul  taeaMf  with  * 
i«M«4-aff  <«klc  xucqxiW  of  muif  wwijfattiot  tayetMlly  of 
puWciJtD  vsluo). 

(<»)  Cmiuttive  Titsmt. 

Thlt  l«(ai  It  KHMwhu  Wu  tiM  title  "  nonm.'  Ii  ndadn  M»  mm|- 
iltlbiiriit  biwli  of  Ihiop  10  ncu  mach.  Ii  nftaeua  a  «c«t  of  ktMo- 
h^^l  lumlar  nxrin. 

TliR  •mU^li^iiti  bctp  v*  a  little  lor  lEicf  haire  ffaown  Ikit  alaKM 
all  Aniiii  of  runneclive  liame  ue  detived  fawn  ibe  aiiaoi^tf  ««  MfcUk 
ln^'i'  "f  ihr  aiBliiva    A>  iMi  «DMod(fM  immDj'  ■»■«  in  (ba  fam  at 

.1  .iLr>.>.ili.  f iW  ipikor  ftom  (*'aMMDdi]rBc''|  cdb  liboaud  U 

>i  riiiH  (ilbrt  (?)  or  iSc  iwd  oUict  Ufcn  of  iW  cailayn 

I  idcim).  trc  BHf  lay  ihUconiKctiirc  ittMw  BpdMuUjr 

•IkiIiu.I  (iuiii  ijililialiiiin. 

'I'h*  bmihibI  (iinciiitn  of  "  oonneedve  tfawc  "  it  lo  owosiIm^  Id  Uad, 

n>l  I"  wipjHiri,  liiil  the  lonn>  uaoMcd  an  vsTy  nrioaik 


\»)   Th, 


r  (•   .,t:  ^■ 


nili   RiRy    lie    clOM    toptbn,   wiihoM  anv  inleKcllabr 
"I  iiiaKix.     Th«y  auy  nioiatn  large  vocuoki^  amt  ihm 
ri|i|>aaranc«  oJ  a  ncltvath.  «i  ihejr  maf  be  taden  wilti  bl 
11- nl 

iHi  llio  (vlli  of  Ihv  toancctivr  tim*  Ifar  iaa  mtatix, 

.  M  liiln  wliMh  ihc}'  in  |iart  die  atwf.    Such  crila  aie 

iM^iiiiu  kiuuilinr,  ■lid  give  off  in  meal  caaet  fine  prnciiiaiei, 

rw  IW  moifia  a>  ■  neiwork.    The  Shront  lianc  m  leadMM 

..,.•  i.M>.u  of  K^Mtf  0(  ajtUtfc  BliMtatc  eotuwctivc  litNM 

'   irtllagfl  ii  Nmcliiun  hardened  Ir/  tbr  detioaitiun 

tnUncc,  and  Ibm  has  a  ^<kI><  icmidIiumc  to 

iiiwclivc  llawic  "  —  lio»c.      Bui  bone,  atikh  1> 

I  II  aiiinalh  ■•  ijuile  dillcfenl  from  Ihc  autiU).-e 

,<«>(•  aMl  rr|>Uce>-      It  b  made  bf  maMd*  ot  larvn 

i<4«ili^C*H«|>Ml«i)l>laut).  whkh  ouy  rcMco  a  cafllunr 

-'  >'  r|iii)c  lnilc|vn<!ciii.     ThcMi  oMcoUaata  fonn  iSe 

iv  iif  llieni  arc  inmlieil  in  it.  and  becooae  Ihe 

Tl'i-v  have  niunctinii  rMliatav  fanNchcv  and 

!i  atoand  a  atilj'  nt  a  liloaa  vend.    iThera 

<|i1a|ie.>     The  milrii  liccnnn  vrry  lich  in 

■tr)  I  attd  lh«  cantlacn  (uundalMi;,  if  there 

ly  til*  new  IbnnaiMHi.    Hvtt  «c  nay  aUo 

ii...  il^liiqtcMpn^BWCclliofllw 

'■  l*iiviiceial "  Dvlil.  which  la 

■  -iiclrH  aBlinab. 


h  ha 


In  /:' 


i') 


Tiuue. 


A/uuviar 
1  .iBiatit  nioica  liy  Ikminc  out  on  one  aide 
on  annlhci.     It  It  diHuicly  CMiltMlile,  sad 
'.  ami  Hhr*  Ainclionii. 
'  'plenlnaihelMmuf  (uae«rih«<|iilh«lial 
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tih  which  li>mi  iho  nuln  aiirl  iiinrt  laj-rninn;  prolongtif  inio  conlractik 
inoii.  H«re  then  •■«  hjtc  cclU  of  which  a  special  pari  dbchugn  > 
ooninciUc  or  mucnlai  Innclian.  while  Ihc  oihei  part*  reuln  mhet 
powcn. 

In  ochcr  CiKlcRlen  Ihc  mutcular  eellt  ^re  i-tlll  diicclly  cimncclol  *ilh 
Ihc  ?piih«tiuin,  bat  LcemiK  more  inil  morccxcluiivrty  cimlmcllk.  In 
all  ulhi-c  animab  ttic  miBCutar  liauc  it  iloivRl  froni  the  umodcrm. 
vhich,  ai  we  hare  lireody  mrnii'inctl.  ii  nol  diiliiKlljr  procnl  in 
Cfrimtem.  In  ihc  majofily,  ihc  miucle  nlli  ariw  on  Ihc  italtt  of  Ihc 
bodjr cavity,  and  tbeir ariijin  may  o&cn  at  lead  liedncriliol  aicrtillhtlinl. 
But  Ib  other  out*  Ihc  miucle*  atlM  6oin  thaw  waniirring  "  mnenchynic  " 
evlb  to  which  trc  hnr  aJroidy  rebrrtd. 

Stnuhirt. — A  iliilincliun  ii  wunllir  ilrawn  bcioeen  itriprj  and  un- 
■Diped  mukIc  6b«es.  but  ihe  diiibclion  lectnt  to  be  one  of  decree. 

SmoMb  ot  uibtriped  ididcIc  6bres  are  elonipted  Minlnuiilv  celii. 
eatcmally  honiofccDcuut  In  anponulce.  They  are  apecially  abuniUiit 
In  ttusgMh  aniinsK  €^^  Molluaca.  and  occur  In  the  walh  of  (he  (-ul, 
blaiMn,  uiil  tilnwl  vcsadi  of  Vctlcbralch  Thry  arc  le»  iwrfccily 
diAreotiaied  than  slri])ed  muicic  fibres  and  usoally  contiacl  inore 
slowly. 

A  Mripcd  miucIc  fibre  i>  a  cell,  the  ^reslcr  uirt  ol  which  ia  mmlilicd 
into  a  >el  of  parallel  loni;>liidiiial  filinli.  with  alleinnliiii;  "  clear  ami 
ttark  "  iranmerte  tltijio.  I'Jich  filirii  hat  ceruinly  a  cuinpltt  inlcriiaj 
aUvOurc.  Init  acoordiai;  to  Haycnift  Ihe  "Uiipn"  arc  ihc  optical  elTecu 
of  Ihe  aoipullaleil  tn  fatodcd  furni  of  iht'  Alirib,  and  can  be  seen  even  on 
•  crJIodioo  film,  upon  which  ihe  muiclc  fibtet  are  prcMcd.  A  iciiduc  of 
UMnixliliril  cdl  luutlanee,  with  a  nucleus  oi  with  many.  Ik  oflen  in  \tr 
ataorvoll  on  Ibi-  •.kIi:  of  the-  hbtc,  and  a  Uii:ht  bhaith  or  win-ulemnin 
IbnM  tbr  "cell  wall."  .U»ny  miiwlv  liUet  chitely  comliincd,  ainl 
wnpped  in  a  sJieath  of  oann«ti*c  liituc,  fbcin  a  muscle,  which,  as  eiYiy 
one  toowK,  cm*  conlraci  with  citreme  rapidiiy  when  iiimulaied  bf  a 
Bcrrow  hnpnlse. 

(rf)  JVenwus  Tfstit. 

Origia, — Bccini>i»e  afpin  wiih  ihc  Amir^  wo  nxogniK  (hat  it  b 
diflntetv  lentitive.  and  Ihai  a  iliimilui  can  pots  from  un«  pan  ot  the  cell 
to  anMn«t. 

In  aimie  CnJenitn  some  of  Ihc  cvicnul  crllt  teem  lo  enmlilnv  con- 
tfadilo  Mv)  ncrvoiit  fanclinm^  Thrrrfncr  thry  arr  h<ini<l>inr>  (ulleil 
**  ncuro-maKular." 

Hut  ill  ffjJra  there  arc  bjircial  ncrvoui  c«1lt,  whose  tosil  prulunini' 
lions  are  oonneclcd  with  the  coniraciile  imu  already  descriln-H.  l^is 
U  a  aruto-muKTulAr  ip^LinUus  of  the  tiniplcii  kind.  The  nerve  celU 
ptnbatily  receive  iiiiprcuion>  frnm  without,  and  iraniiniit  llicni  at  Miniiili 
tiilhatonlnclile  drnienti. 

In  foa  anemonn  and  tome  other  Orlentcra,  (heic  i>  an  tnloriBling 
(oMpUauioa.  withal  vrrf  timplc.  There  arc  miierficial  arniorf  cell*. 
OVHWaed  with  lubiacCBl  iterNe  or  |[anBlion  celK  troni  which  Glirei  pau 
to  tlw  conlncillc  etcmenik. 

In  Ughn  amiBoli  the  MDvny  evil*  are  InlecrMcil  Into  «cnw  oinnt, 
Ihe  gpil(l*oiuc  cetli  into  |:aii|[lia,  mhilc  thr  delicate  fibres  itblch  lorni 
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ihc  Cfmncctlunt  Iwtwttcn  *cniory  cell*  ■nil  guiglionlc  oellk  and  bHi 
Ihc  laiiri  and  niiMrlm,  are  reprE«MI«l  tn  woll-dcvrlopod  ntrvai. 

S(i  !ia  ai  w«  knuw,  nrnuu*  liinic  always  airiMB  from  the  OHtrr 
ectixletniic  layer  of  llit.-  i-mlirio,  u  wo  uoulii  cipcct  ftom  IliF  foci  ibM 
Uiiii  ii  the  layer  which,  in  Ihe  courtc  of  hiiloiy,  ha>  bMn  moil  dtrecily 
(ubicctcd  Ui  exicrnal  Mimuliu. 

Slnuttirt. — I^  u>  ton«ldrr  fmt  ihc  canglionic  ccllh  which  rceelte 
(diiiuli  an<t  >,hiin(  them,  which  re(^1al«  Ihc  whnle  life  n{  tb«  nrganluDi 
anil  arc  the  phyiical  cxmdJtians  of  "spoiilancnu-i"  iKtivily  atirl  >n- 
IclliKcncF.  The  limplnt  ai«  prolongrd  nl  one  pole  inio  an  uutgrowlh 
which  brancho  inlo  an  affemit  andeffeienl  nerre  fihrr.  Mcut,  hm- 
ercr,  ^m  off  omgrowihi  from  iwn  polci  at  on  all  ndct.  IntcriMlly 
Ihcy  coniiiil  in  gnat  patt  <rfa  nelvtiirk  or  cnil  of  line  fihtil*.  aniid  whicn 
li««  Ihc  ii«ua1  cell  kernel  •.■!  nueleuiL  Gnii);hnnic  cetla.  atSE'*!!"*''  ^ 
Ibrm  ganglia,  general  ly  lie  enihcilded  in  a  hlmnimllular  subtlance  eallMl 
noun^ia,  uBuaily  regardcil  ai  an  ciuhtaihing  anil  snppontng  material. 

In  all  liui  a  few  of  ihe  s-inipleit  llelaina.  ihc  nene  tilitci  arc  ni(- 
rou&dcd  tiy  n  thnuh  ealUd  the  ni-mi lemma,  lajd  to  lie  fonned  ty  adjaeenl 
ennncctii'c  liwuc  Sevcml  ncctv  tiluct  may  rumbinc  lo  funn  a  riervr, 
hill  earh  Mill  irniain"  ecihlmlhed  in  itfc  neurilcnimn-  In  Vcrlebiaie 
animali  nch  nerve  libre  i»iinlly  eontift*  of  an  internal  "axii  cj-tioiler," 
the  important  part,  and  nn  eitemal  unnieaiiai  medullary  ibeath.  Bu) 
ercn  in  ihe  higher  V'crtchiatrs,  ''non-iiieiliillBtcd  "  or  nimply  coMoureil 
nerve  filirct  ate  found  in  Ihc  kpniuthdlr.- anil  iiirm-tuTy  iicrvct.  and  ihit 
«intplei  ly|ic  Hlunc  ocenri.  in  h»^,  Intnjirey,  nnd  UnccIrT,  jx  well  ati  in  alt 
t)ic  lincrlehTale*  with  diilinct  nervn.  Kinlheiniure.  nervei  are  niuolljr^— 
lurraunded  by  an  enT«to|nng  nucleated  layer  called  Schwann'*  ihcalh^H 
or  clie  ti)'  neuroglia.  ^H 

A  nerve  lilire  coniiiti  of  niiinenmc  lilirilt  like  ihote  lecn  wllhin  a 
ganelion  cell.  Thne  are  leeatiled  by  lonie  a&  ihe  cmeilial  clemenlii  in 
cotiduciing  Mimiili.  while  oihcn  maintain  ih.ii  the  (Monlial  [biii  it  the 
In*  cumpact,  »iMTiciiiii(->  uell-ni|ih  lliihl  ilulf  Mween  the  fihillv  <>■  thai 
(he  hWils  are  bu[  the  walli  uf  iikick  within  whicli  the  euenliaily  nervou* 
Huff  liei. 

According  lo  tome  aulhoiiijci,  the  nerre  6htci  are  cilenuve  yro- 
lungallona  of  Ihe  giiiBlioii  eell*  :  aceording  to  nlhcn  the  neurngtia  or 
other  cnt^hcaihing  ilenieni'i  ctiiilrilitur  ti>  the  citen«on  of  the  nerre 
Aliiot,  or  rather  »podaJ  neuroldail  cell*  make  Inth  tJitaih  and  fifcire. 


IV.  Cells. 

In  dJscusMDg  tissues,  it  was  necessary  to  refer  to  t^ 
component  cells.     Let  us  now  consider  the  chief  chancel 
terixtics  of  these  elements. 

A  cell  \%  A  unit  mnii  kA  living  matter.     Most  of  il: 
simplest  animals  and  plants  (Proioxoa  and  Protophytn)  nr 
single  cells ;  eggs  and  male  elements  aic  single  cclU : 
multicellular  or^-anisms  the  cells  arc  combined  into  tissue 
and  organs. 
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emUyo with  the  "ombium'' of  plant  ocllti  in  1646  Von  MdM  cm* 

fhmMd  Uw ImpoiUnoe  of  Ihc  "jiioiaiilonn"  in  vcxciable  cclb ;  BdcccL 
1849)  cominrccl  ihe  coiiirnctilc  (utKianci:  ai  iiiutctcik  with  the  livinv 
maltetorcnurbcr;  DonclvnaJto  tcfrrrn!  iht  KDiiifni-iility  from  ihc  wsll 
10  th?  contonlt;  Cohn  nu|iect«l  that  (he  "  kiicihIc  "  <•(  niiimiU  anil 
ihf  "  prntoplfunt "  uf  pluiti  miul  be  "  In  the  highEiI  dcEtFC  ■iialogous 
sulniancn  ;"  anil  lin>ll^.  Max  Schultic  uS6l),  acccplcd  the  ^rawing 
liclicfthal  planti  knd  inimnlt  k'cic  iimkIc  oritij'  uinilni  living  iiuilta,  , 
ind  (Icrmcii  ihc  cell  a'  n  iinll  inau  of  nuclcnleil  [■mln|il»hm. 

Jvrms  of  Cc/Zf-— I'lic  typical  nnd  (irimilivf  fonn  of  cell  is 
a  Kphcrc,~a  shape  nnlurally  nssiimcd  by  a  complex  coherent 
subBlancc  situated  in  a  mcdiuni  dilTcrcnl  Trom  ilsclf.  Most 
.  egg  cells  and  many  Protoion  retain  this  primitive  fomi,  but 
the  internal  and  extcrn.-tl  conditiuni  of  life  (such  as  nutrition  1 
and  pressures)  often  evolve  Other  sh.-ipes,- -0\-al,  reciangulnr, ' 
llaltened.  thrend-like^  stellate,  and  so  on. 

Hfrufthre  0/  Ctlls.-~ln  a  cell  wt  may  distingutth ; — 

((I)  'I'hc  general  ceil  substance  or  cytoplasm,  which  con- 
sists partly  of  gcnuitiely   living  stuff  or  protoplastn,   and ' 
]iartly  of  complex  materials  not  really  living  ; 

[It)  A  specialised  kwnel  or  nucleus,  with  a  complex  Mruc- 
ture,  and  impoiiani,  but  hardly,  as  yet,  definable  functions : 

(c)  One  or  more  specialised  bodies  called  central 
corpuscles  or  cenlrosomata  which  seem  to  be  centres  of 
activity  during  cell  division  ; 

{d)  A  cell  wall,  which  occurs  in  very  varied  form,  or  may  ^ 
be  entirely  absent. 

(tf )  Thf  C<U  Sttbslan(e.^^\KX\.  a  simple  cell  is  examined 
in  its  living  stale,  it  often  appears  approximately  homo- 
ffoteous.  lis  substance  is  usually  slightly  fluid,  but  tt  may 
M  firm  and  coinpaci  in  passive  cells.  It  is  usually  iraii»- 
lucent,  but  there  arc  often  obscuring  granules  of  dilTerent  \ 
kinds. 

In  thinking  of  the  cell  substance  or  cytoplasm,  wc  must 
distinguish  the  genuinely  living  protoplasm,  of  whose  nature 
we  know  almost  nothing,  fiom  associated  sul»tances,  sucb 
as  proieids,  carbohydrates,  fats,  pigments,  tVc,  whose 
chemical  composition  can  bt  ascertained.  The  a.tsociated 
substarxres  which  often  crowd  the  protoplasm,  are  due  to 
the  chemical  ascent  of  food  material  towards  protoplasm,  and 
to  the  chemical  disruption  which  protoplasm  undergoes  or , 
produces  as  it  lives. 
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(*)  Tht  jVw/^w/, --Almost  every  cell  contains  i)  nucl«us 
or  several.  Ii  used  to  be  »aid  that  tome  \tsf  simple 
animab  which  Hxckcl  called  Monvra  had  no  nu<:lei,  but  in 
several  they  liavc  been  recently  discovered.  In  other  casei, 
c^.,  some  Infusoriaiis,  the  nuclear  materia)  sceins  to  tw 
difTused  in  tlie  cell  aulisiance.  The  red  blood  cells  of 
Mammats  seem  to  be  disiinctly  nucleated  in  their  early 
stages,  but  there  is  no  tr!n:e  of  a  nucleus  in  (hoae  which  arc 
full  grown.  Wc  may  safely  «iy  that  cells  without  nuclei  are 
very  rare.  thout;b  in  some  cells  ihc  nuclei  are  Ie«.s  differen- 
tiated titan  in  otfiers. 

The  niM-leu*  i*  a  verj-  important  ixirt  of  ihc  cell,  but  it  is 
not  yet  iKissible  to  ck-rine  )>reciM;ly  wiiat  its  importniKC-  \%. 
In  fertilisation  atj  essemial  i>roc«»  i-i  the  union  of  the 
nuck-us  of  the  spcimatoroon  or  male  cell  with  the  nucleus 
of  Ihc  ovum  or  female  cell  (Fig.  3).  In  evil  division,  the 
nucleus  certainly  plays  an  essential  part  Cells  licreft  of 
their  nuclei  die,  or  lire  for  a  while  a  crippled  life  Accord- 
ing to  some,  the  nuckuK  i«  important  in  connection  with 
the  nutrition  of  the  cell,  and  it  i*  generally  believed  that 
there  are  complex  actions  and  reactions  between  the  living 
matter  of  the  nucleus  and  that  of  the  cytoplasm. 

Tlte  nucleus  often  lies  within  a  liltlc  nest  in  the  midst  of 
tile  cell  subttance,  but  it  may  shift  it«  position  from  one 
[Kin  of  the  cell  to  another.  It  has  a  definite  margin,  but 
this  may  be  lo«,  t^.,  before  cell  divi.iion  bt-gins.  Inter- 
nally, it  is  anything  out  homogeneous ;  at  any  rate,  homo- 
geneous nuclei  are  rare.  Usually  there  is  a  network  of  fine 
UTOtigly  staitiable  (chromatin)  strands,  with  less  siainable 
(achromatin)  sulntance  in  the  meshes.  But  in  other  cells, 
or  at  arvother  time  in  ihc  ivamc  cell,  the  nucleus  is  seen  to 
contain  a  coiled  (chromatin)  thread,  or  a  number  of  chro- 
matin loopis  (Fig.  i).  Weismann  and  others  believe  that 
these  chromatin  elements  or  chromosomes  are  Ihc  bearers  of 
hypotlKfical  bodies  wlmsc  properties  are  supposed  to  deter- 
mine Ihc  nature  of  an  organism  and  its  life.  Many  nuclei 
also  contain  one  or  more  little  round  botlics  or  nucleoli, 
apparently  of  less  importance.  The  term  is  applied  some- 
what vaguely  (o  Utile  aggregations  of  chromatin,  and  more 
profierly  to  lacuole-like  bodies,  in  which  some  believe 
that  llw   wiute   products   of    the  nucleus    are    collected. 


Till  r.  Sirnciuie  of 
the  oell.  (Aflct 
Cahkov.) 

J*.  Nuilnii  vllb  duo- 
nuiic  «iiil.  bdW  pfM«> 

(iluHiii:  RIKuUim, 


FlO.  J.  'I''cniliu;<liivum 
of  Aiiari$.  (Aftct 
BOVKHI.) 

(Ar.  CIuvBiUin  clcmtnii. 
(ivo  rrwn  evuin  naclvut 
jwd  tvo  from  inptnn 
nurinu ;  tt.  ctnlnmnu 
(ram  whirti  "ulbiiptu- 
mit  "  thmuli  nJuw. 
partly  ta  tht  chromottorMi. 
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Within  the  nticlenlu-t  nn  "  «ndo-nuclcolus "  has  been  dis- 
covered,   'lliough  the  tnKlci  of  diffeienl  cells  difler  id 

details,  there  is  a  fundamentai  samcneis,  Ixith  of  siracture 

and  activity,  throughout  ihc  world  of  cells, 

(c)  Ttu  Centrosomts. — When  «  cell  divides  into  two,  the 

chiomatin  elements  or  chromosomes  of  the  nucleus  arc  also 

divided  and  seiiarale  to  form  the  two 

diiu^hter   nuclei.      In  thi«  squiatton  ""     ' 

extremely  tine  "archoplasmic"  threads 

have  been  seen  passing  to  the  chromo- 
somes from  beside  two  minute  bodies 

in  the  cytoplasm.    These  two  bodies 

arc  called  central  corpuscles  or  centro- 

8omata(Ki}pL  3  and  4);  they  seem  to  net 

like  two  centres  of  force.     They  also 

occur,  in  moKt  casck  singly,  in  resting 

cells,  and  it  seems  likely  that  they  are 

constant  parts  of  the  cell,  and  that 

they  arixe  from  within  the  nucleus. 
{d)  Tlu  an  lVa//.—To  the  cartier 

bisiologists,  who  often  spoke  of  cells 

as  little  bags  or  boxes,  the  wall  seemed  of  much  momenL 

It  is.  however,  the  least  imporUnt  pan  of  the  cell.     In 
plant  cells    there    ix    usually  a  ver>- 
cli.iiinci  wall,  consisting  of  cellulose. 
This  is  a  product,  not  a  part,  of  the 
|ir(>top1.-isni,  though  some  protoplasm 
may  be  intimately  associated  with  it 
as  long  as  its  crowcli  continues.     In  M 
animal  cells  there  h   rarely  a  very   V 
distinct   wall  chemically  distinguish, 
able    from    the    living    matter    itself. 
But  the  margin  is  often  different  from 
the  interior,  and  a  slight  wall  may  be 
formed    by  a  superficial  compacting 
of  the  threads  of  the  cell  network,  or 
by  a  physical  alteration  of  the  cell 
substance,  comparable  to  the  forma-  ^ 
tion  of  a  skin  on  cooling  porridge,  f 
In   other  c-tscs,  especially   in    cells 

which  are   not  very  active,  such    as  ova  and    encysted 
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Flo.    4.  —  Uanain  of    t«lt 
divkiiin.     lAllcr  Boviki.) 


atOKoa,  a  more  definite  sheath  is  formed  around  the 
cell  sutmance.  Again,  animal 
celU  may  die  ofT  superficially 
into  ;i  "cuticle,"  sometimes  vA 
lctu>wn  chemical  composLitian,  os, 
for  instance,  the  <rhitin  formed 
by  the  ectoderm  ceils  in  Insects, 
Crustaceans,  and  other  Arthro- 
pods. 

In  animals,  as  well  as  in  plants, 
adjacent  ceils  arc  often  linked  by 
intercellular  liridges  of  living 
matter. 

Ctll  Divisipn. — Though  the 
division  of  cells,  by  which  all 
growth  is  affected,  is  a  subject 
with  which  the  jihyviologixt  is  as  much  concerned  ax  the 
morphologist,  it  wilt  be  ronvenieni  to  diacuss  it  here.  The 
folkwing  facts  are  most  import.int. 

(■ )  U'e  Icnow  that  there  i«  a  striking  unity  in  all  cases,  and 
tliat  the  nucleus  plays  an  essential  pan  in  the  process.  In 
most  cases  the  dividing  nucleus  passes  through  a  series  of 
complex  diange^  known  as  Icaryotcinesis  or  mitosis,  and 
ihcsc  arc  much  the  same  evexj-whcre.  though  dilfcrent  kinds 
of  cells  have  their  specific  peculiarities.  Occasionally,  how- 
ever, both  in  Protozoa  and  Meiazoa  the  nucleus  divides  by 
simple  constriction  (direct  or  amitotic  division). 
(2)  IIk  eventful  changes  of  karyokincsis  are  as  follows: — 
\»\  Tlw  rraittg  Uagt  of  the  nuckiih  thi>ui>  a  nclvfuk  ot  fompltic 

roil  n(  liUincaii  (chconiniin  vkmruii)  (Kig.  1). 
(|l)  Fim  SMffl. — At  dii'iiion  btgini,  ihe  mcmbfnne  KpOfatlns 
tbe  iwcKW  iTOin   ihc  cell  mlKiancc  diiappcui.  Mid  the 
cbromalJA  etemenu  an  wen  •*  a  lanelcd  oi  litoken  eaR 

(f|  ^(/n«^.//^.— The  i.'hr«niniin  i;li;nicnli>  Iwntl  inlii   InojttO 

C'crps.  Hhich  .ire  ili-ipDHHl  in  i  U>r.  Ihe  ficc  end*  of  Iho 
4ha|ieil  loipt  being  illtccted  onlmtn]*.  Meanwhile.  • 
ceniiocome  h»  iii>|icair(d  and  iliriilcd  inio  loo  Kparatits 
halia,  l«lHmi  which  a  (juniltc  of  line  achromaim  IliraUn 
it  (i)nne<t.  Tliii'  wvili*  10  (imii  <ul  Ir-u-I  yuti  nii  ulial  it 
cnllcil  Ihc  niictnr  «piii'l1p.  TTi*  ci*i>irii»..mt*  vffniiif  iimil 
nne  lk«  .it  ctcli  )>ole  uf  (he  nil.  iiimiuniler)  lijr  mlimiiig 
"HKbopliUTtiic  '■  thtudv  which  liccomc  •ilnched  10  Ihe 
dnonioBiiiici  (Fig.  5,  2). 
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{</)  /Xfiiifu  and  it/vratieii  tf  H>t  Xn/r.— I^ch  <A  Ihc  lMi|a 
which  make  up  (he  iiai  dlviilo  tfiiigilaii$ialh  into  liru,  aaj 
E*ch  liotf  tcpaiBici  frijiii  iu  ii«i|>h1xiu[.  Tliey  lie  ai  iint 
nE*r  ihc  cqiiatm  "{  t)i«  crlli  but  Ihc)'  air  apixuirnily  drawn, 
or  driven,  lo  ihr  oppoiiic  polmfKu.  j,  i-j). 

(r)  Diiutroiti.—TYic  lingli-  eut  Ihus  fom»  (wo  d>ti|[htcr  (Un, 
which  Kpanite  fucihcc  Mid  furlher  from  one  anolher  [omiils 
the  onpiMitc  inilc*  of  ihc  cell.  tciiuiEnlng  oonneclcdi  bowi 
r»ef.  liy  delicate  thread*  (Fig.  5,  t^s). 

t/1  Each  tlaughtfr  Mu  »  iconhtiiuIcTiiilo  n  ouil  or  netnoik  fur 
each  ilauulilrr  cell, fbr  Ihc  cell  Mibslxncc  hns  bei-n  euoiiictcil 
mranwhiTe  al   riahi   aoglB  la  [he  innsverxe  oiit  of 
ttiindlc.     The  huves  wpantc  in  the  case  of  {"rotouH. 
in  mnti  olher  cuc^  e.^..  growing  emiiryw.   Ihoy  rcmaii 
ailjaeenl.  with  a  slight  wall  Ixriwven  (hem  (Ki|;.  J,  6). 

(/)  K«rli  'iHiiKhier  nuclcut  then  |»»ca  intu  the  normal  mlin| 
phaie.     The  s|Hndle  aiiii]  iiiunlly  Ihc  cenlroioinct  alio  d: 
•ppcar. 

Flcmming  gitn  the  followini'  Bumcnary  uf  karyokiDnis  I — 

MiniiKK  NucLKus  U.U'uumt  Nti<.-Lxus 

(ptogicBivc  chango).  (rcgrcuivc  changci), 

I      a  KctlinH  Anat,  Resting  lUge.  g  X, 

b  CoiL  Coil.  / 

Y    ■'  Aur«ld.  Diiulivild.  t     I 

^  rf  Divinon  of  AsUoitl  nnd  iu  loop* >■ 

(melakinetiii). 

|t)  We  Bic  far  (ruin  licing  alile  ti>  gi»«  tren  an  apiiimimate 
<if  Ine  "  meelniiiKin  "  ol  eell  ttiTisimi.     Kxpidly  nruereaive  meari 
dijcloieil  numy  mpieriet,  bui  it  doet  not  ctpiun  iheni.     The  nuchiUdi^ 
li  rcsolicd  iaio  ■  chmmaliLi  {Runcwork  and  an  afhiomniin  innlrii.  hut 
we  know  Ihc  nature  of  nelthcT.     The  loneiiutltnnl  divii^ioii  of  cnch  loop 
iboai^  how  ihorough  n  the  ]Hrti<ii>n  of  ><ul>>lanee  ninl  iiiijiliiil  ijunlilin.  [ 
The  "centnil  coipiiiicW'  recently  itlhciveicd,  mi  like  cienlret  nl  fore*,  ' 
and  (be  iodcMrilnlil)'  line  llircn'lii,  which  [ow  from  urouDd  Ihiar  to  ihc 
chmniiitin  luopn.  have  been  erediied  with  mutii-c  powcn.     Similarly  Ihc 
thread* of  Ihe  nuclear  spindle  arc  belici-cd  \r/  tamt  lodrawoi  drive  ihc 
cbromoBnnci.    But  we  do  not  know.     The  whole  proccu  l«  vital,  an<l 
therefore  Incipllcatilc  in  tertni  of  nuiiter  and  mollen,  ko  long  al  lenu  a> 
we  ilu  1101  knnw  Ihe  i-ccrct  of  priilu|i|ahni. 

(4)  On  the  othvr  haiid,  Lcuckari  and  Spencer  have  given 
a  genirral  rationaJe  of  cdl  division.  Why  du  not  cells  growl 
inu(!h  larger,  why  do  they  almost  always  divide  nt  a  dcfiniiej 
limit  of  growth  ?  Tht'ir  unswct  \t.  ns  follows  : — Suppose  a  ' 
young  cell  h.i.f  douhWd  ils  originnl  mm,  t1ut  means  ihati 
there  is  twice  as  much  living  m.-iUcr  to  be  kept  alive.  But  j 
the  living  mailer  is  fed,  aerated,  purified  throu(;h  ittt  Nurfacv^ 
which,  in  growing  spherica]  cells  for  instance,  only  inereasies  \ 
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tthe  squnrc  of  tltc  rt<liuft,  while  ttie  mass  imreascH  a$  the 
The  surface-  growth  nlwny*  lag*  liehind  the  increase 
of  mass.  I'hcrcforc,  wtK-n  th<.-  cull  hns  let  ux  say.  <]uadrupt(;d 
its  original  mass,  but  by  no  means  ()u«drupicd  its  surracv, 
diOiculiies  act  in,  waste  begins  to  gain  on  repair,  anaboliani 
lotes  M>i»t:  of  its  ascendancy  over  katabolisin.  At  ihe  tiniii 
ul growth,  thvn,  the  cell  divides,  luihing  its  iiiaits and  gaining 
new  surface.  Of  course  surface  may  lie  increa.'fed  by  out- 
flowing  processes,  jii«(  a*  thai  of  leaves  liy  many  lobes ;  and 


/<«A^ 


:^''*^\ 
^A"^] 


nc.  5.— KMiyublnnu^    lAftti  FiJtWWiKii.} 

I.  l'«il  ni^of  niicW>:  ff,  mlfiiloDriiiiwIc. 

fr  l)ftrbd«a  4C  (JirwnAliii  rltowi^u  into  tJ-*ha|ciJ  Io^h.  am) 
ttnikMlinai  filMting  of  ill***  (aamlO  •lu*). 

$.4.  RtcMlen  ijT  (bmnaU'i  ilm'iniirrooi  ihcoliuiiiircf  llw  nil 
UitMnMy 

\  Hwdimt  ipiirilt,  viih  Vhf4inA1>n  vlrHitnEi  t\  cndi  |;olt.  jvtil 
■ihrHMwIn  ihinUi  Wi*<ni. 

(L  DrriiB4of  ihc<^ll  tomp^iKiV 

diviaiun  nuy  occur  before  the  limit  of  ijrowih  is  reached, 
but  ss  a  general  rationale,  applicable  to  urgan.^  and  bndie^ 
OS  well  as  to  cells,  the  sugge-tiion  of  l^uckart  and  Spencer 
I)  very  lielpful. 
(;)   /ViMy/.iiMr. — Mi»rphokiKJc«l  Jw  ■vll  as   phyuojogical  ualpb 

ihcncx  to  ihr  o«£.  and  Anally  tn  Ihv  proluplonn  il&clf.     Ku(  ahtnn^ 
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we  may  define  protoplasm  as  genuinely  living  mulct  —  as  "  the 
physical  Istsis  of  life  "— wc  cannol  defioilely  say  how  much  oc  what  part 
of  an  Amorlia.  or  an  ovum,  or  any  otber  cell  is  really  protoplasm.  We 
are  able  to  make  negative  statements,  c^.,  the  yolk  of  an  e{>g  b  not 
|>TOtoplasm.  but  we  cannot  make  posilive  statements,  or  say,  litis  is 
protoplasm  and  nought  else.  Thus,  what  is  spoken  of  as  the  structure  of 
protoplasm  is  really  the  structure  of  the  cytoplasm. 

In  regard  to  this  structure,  we  know  that  it  is  very  complex,  but  we 
are  not  sure  of  much  more.  For  diRerent  experts  see  different  appear- 
ances, even  in  (he  same  cells. 

Thus  E.uine,  <r^.,  Krommann,  see  an  intricate  netwoik  or  reticulum 
with  less  stable  material  in  the  meshes;  others,  i^.,  Flemming,  see  what 
looks  like  a  manifold  coil  of  fibrils;  and  others,  e.g.,  Btitschli,  sec  a 
foam-like  or  vacuolar  structure.  It  seems  likely  ll^t  the  structure  is 
diifureni  at  different  times,  or  in  different  cells. 

Professor  Btltschli's  Iwlief  that  the  C)'toplasm  has  a  i-acuolar  structure 
is  corroliorated  by  his  interesting  experiments  on  micfoscapic  foams. 
Finely  powikred  potassium  carbonate  is  mixed  with  olive  oil  which  has 
been  previously  healoil  to  a  temperature  of  50° -60°  C.  an  add  from  the 
oil  s]>lii3  u[i  the  )x)tassium  cailionale,  liberates  carbon  dioxide,  and  forms 
an  c\tremL'1y  tine  imulsiun.  Drops  of  this  show  a  structure  like  that 
iif  cytoplasm,  cxhiliil  movements  and  streamings  not  unlike  those  of 
Ain^vlti:,  nml  are,  in  shiitt,  mimic  cells.  Just  as  a  working  model  may 
hd])  us  111  undersinnii  Ihc  circulation,  so  these  oil  emulsions  may  help 
us  lu  undiTslanil  the  living  cell. —  b)'  bringing  the  strictly  vital  pheno- 
intii:i  il>t<p  i^rfaler  piimiincnce. 
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^■^TIIE   REPRODUCTION   AND  UFE    IIISTORV  Ol" 
^^^^  ANIMALS. 


I.  RtPKODUcnox. 


Is  the  highci  animals  the  beginnings  of  in<]i\-idiul  U(e  arc 
hidden,  within  the  womb  in  mammals,  within  the  egg  shell 
in  birds.  It  is  natural,  therefoie,  chat  eaily  ptcoccupalion 
with  those  higher  fomu  shotild  hav«  hliidctud  tbe  recog- 
nition of  what  sieem.t  to  us  so  cvidL-ni,  thai  almost  every 
animal  arises  from  an  egg  cell  or  ovum  which  has  been 
fertilised  by  a  male  celt  or  spermatozoon.  The  exceptions 
to  this  fai:t  arc  those  organisms  vhich  multiply  by  buds  or 
dclaclied  ovcrgrowilts.  and  those  which  arise  from  an  egg 
cell  which  requires  no  rcnilisatioii.  Thus  Hydra  may  form 
a  sepiarable  hud,  much  as  a  rose  bush  scuds  out  a  sucker ; 
thus  drone  bees  "  have  a  mother  but  no  father,"  for  they 
arise  from  porthvnogcnrtic  eggs  which  are  not  fertihscu. 
Apart  from  thc>«  and  similar  cases,  the  "ovum  theory," 
which  Agassii  called  "the  greatest  discovcrj-  in  the  natural 
sciences  in  rnodem  tiroes,"  is  true, — that  each  organism 
b^ns  from  the  division  of  a  fertiliired  egg  cell. 

Nitt«iy.—\ie  can  nalW  llils  Amanmj  Iwltci  if  «c  contldn'  iti 
hWory.  !■'<!•  ■  Io(i(;  lunt.  on  into  iht  pnKot  ctnlory,  what  wbj  oiled 
»  previitM.  AccDntinc  lo  iliU  iheocy, 
untoldini;  ("crolulion  I  of  a  jncfannM 
Iw  ecrnt.  The  "  aiMi  "  found  (hi*  minla- 
lurc  bkkIcI  of  tlie  futuie  oc^aiuim  in  tlic  Cfji;  ihc  " aiumalculiat " 
fiHinil  anil  even  hg^rcd  il  wiihin  Ihc  spennaiuiiHjii.  "Tliciv  n  na 
Imdlning,'*  Mid  Halkr,  "  nu  yan  of  ihr  tixly  i>  innHt  finm  knothci,  all 
u«  crtalnl  VX  otm."  Bnl  th»  wax  ont  alL  The  gcim  niu  more  ihaa 
■  mtrvclloiu  bml-ltke  mitiULuie  ot.lhe  iduli.  il  inclU'lcd  ihe  next 
4 


nMory. 

Ihc  <f«(triaF  of  frf/irMulwit   prevuto^. 
ilcvclupmcni  vu  merely  an  unfol" 
■nlniatute  which  by  wiltiiD  tke  ^cmt. 
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Keneialion.  and  ihc  ncil,  nml  ihc  ncil.  anil  all  (uluie  ccncrallolu. 
G«rm  lay  wiihin  germ,  prcfMinii'il  in  tnni'iatrrncy.  mid  in  hocccatively 
iniallei  niininiucc,  afitr  thi:  fiwliimi  nf  an  inrinitc  iu|g;leT'«  Im*.  Wo 
laugh  al  (hit,  liiit  wc  need  n»t  lauch  I<h>  miicli,  fur  llie  preruianitioniiilik 
tbcni|:)i  winng  and  cniik  in  thcii  bicis,  were  r^ht  in  Iwo  of  ihvir  idau, 
— tlinl  Ihc  petm  eontaini  Ihc  p>ieniiflliiy  of  B  Juturc  ornnUin,  and  thai 
it  h.ii  rclationt,  nol  only  tu  ihe  antnial  into  vhjch  it  ueraU 


cncivliani  (olTowin, 


X 


(.V«  [1.  71.) 
wtcntccMh 


elopt.  Iiui  alto 


(oecncivl: 

In  Ihc  middle  of  tSc  *c*cntcciHh  century,  howcrrt,  H»r*c)f  bod 
icnchcd  ooDclutions  which  iiu'ghl  haw  nvccl  miicli  liUiiidcring.  Sludv- 
in)-  Ihc  dci'clopDieni  of  the  chick. — u  Oteek  naluntliH  linil  tried  to  do 
wcllnich  two  tauutuid  nan  before,  ai  wc  aic  doinK  uill  in  our  cmbryo- 
lOgicaTlaboiatorits, — Itiuvcymainuincdlhiit  cvny  animal  wu  produced 
from  on  ovum  itvum  iiu /*im«rdiiim  temmirtie  tunnihu  nnimaaAait,  ami 
ihnl  nrijani  ariitc  liy  ni-w  ImmHmti  (^ifwieio),  nol  by  the  cxpanitiun  or 
■■cvolulion  "  of  diinc  iiivinilili;  |iicrnriiMli<in. 

Hul  Ihc  ijralt  vhamuicin  of  cpigcnnii  wai  Cnt^i  Kricdrich  Wolff, 
who.  in  hiB  doctoridl  dissetlalioD  of  1754  traced  the  chick  boek  lo  • 
layer  of  ot(pim«d  porliclei  (the  fmniliBi  •t//i  of  to-clnyl.  in  which  ihcrc 
ati,  no  likeneu  of  ihc  fuluce  cmlnyo,  fni  leu  of  ihc  iiluM. 

Wolff  Willi  lo<i|:  in  ftnilini;  •■iircmioii^  1ml  111  tSZ4  Pri!vu«l  and  l>uinM 
docrilMil  ihc  ill*  i'ion  <•!  iTic  nvinn ;  m  18*7  V.in  Hncr  diiiciivotcil  the 
maminalian  ovum  ;  while  Wagner,  Von  Si<)jo1<l,  nnd  otheri  ctucidaici) 
(he  mJ  nilurc  of  the  ipcrmatognnn. 

A  crot  «icp  wat  made  in  iSjS-p.  when  Schwann  and  Schlddcn 
fiumulaiet)  (he  "cell  ihcory,"  accoriliti|;  to  which  every  or^aniini  it 
made  up  of  ccUt,  and  slnrlH  fconi  a  cell.  Krom  Ihln  date  moiinn  cm- 
biyolo^  tw|pn. 

Sexual  Reprodudion. 

There  i^  spl  to  be  a  Inclc  of  ctcarnMs  in  refprd  10  Ntxual 
reproduction,  because  the  process  which  we  dcstrilw  by 
that  phrase  is  a  complex  result  of  evolution,  It  invol^x-s 
two  distinct  facts  :—(■»)  the  liberation  of  spcci.il  germ  cells 
from  which  new  individuals  arise  :  (d)  the  occurrence  of  two 
differciH  kinds  of  jjerin  cells^ova  and  spermatoifoa,  which 
come  to  nothing  unk'Ks  ihey  unite  (ferttlisalioji).  Further- 
more, these  dimorphic  reproductive  cells  are  produced  by 
two  different  kinds  of  inaividuals  (fcmaIeK  and  males),  or 
from  different  organs  of  one  individual  or  at  difTcrcnt  times 
within  the  same  organ  (hcrroaphrodilism). 

It  is  conceit'able  that  orj^nisms  might  have  gone  on 
multiplying  ascxually,  by  detaching  overgrown  portions  of 
themselves  which  had  sufficient  vitality  to  develop  into 
complete  forms.  But  a  more  economical  method  is  the 
liberation  of  special  germ  cells,  in  which  the  qtialiti»  of  tlw 
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o^^ism  are  inherent.    I'hia  is  the  primary  cluracicristic 
of  sexual,  as  of>po»ed  to  asei^uiil  niuliij)licatian. 

Il  it  also  concvivaMe  (hal  organisms  might  have  r«tnnincd 
approxinuicly  like  one  another  in  constitution,  and  at  ntl 
tim«s  very  nearly  the  ^nic,  and  that  th<:y  might  have 
liberated  umilar  gcim  cells  capable  of  immediate  develop- 
ment. Such  a  race  would  have  illusiratcd  the  one  charac- 
teristic of  sexual  rcproduciton,  the-  liberation  of  special  germ 
cells,  but  it  would  have  Iieeii  without  that  other  cliaracteristic 
of  wxtial  rcprcxluction, — the  existence  of  dimorphic  germ 
celln,  of  different  kinds  of  sexual  organs,  or  of  male  and 
female  irtdividiials. 

The  Lihratian  of  ^taal  Germ  CfHs. 

One  muu  think  of  this  as  an  economical  imprm'ement  on 
the  method  of  sUrting  a  new  life  by  asexual  overgrowth  or 
hy  iIk  liberation  of  buds.  Asexiud  reproduction,  as  Spenocr 
and  Ha:'ckel  point  out,  i»  a  mode  of  growth  in  which 
the  twd,  or  whatever  il  is.  Incomes  discontinuous  from  the 
parent,  'llw  Inids  of  a  sponge,  of  a  coral,  of  a  sea  mat 
(Polyioon),  or  of  many  Tunicates,  nmiain  attached  to  the 
parent.  If  there  be  a  keen  struggle  for  subsistence,  this 
may  be  disadvantageous ;  but  in  some  cases,  doubtlt-ss,  the 
colonial  life  whkli  results  is  a  source  of  stren^sih,  In  the 
case  of  Hydra,  however,  the  buds  are  set  adrift ;  the  same 
is  true  of  iwi  o  few  worm&  This  liberation  of  bud*  takea 
u*  nearer  ihv  sexual  process  of  liberating  K|)ecial  germ  cells. 
But  unless  the  organism  is  in  very  ^vourable  nutritive 
conditions,  in  which  overgrowth  is  natural,  the  lilx-ration  of 
buds  is  e%'idenlly  an  expensive  way  of  continuing  the  life  of 
a  s|K-cie3.  Not  ufily  so,  but  we  can  hardly  think  of  budding 
even  as  a  [lossibilily  in  very  complex  organisms,  like  snails 
or  birds,  in  which  there  is  much  division  of  lalxjur.  More- 
over, the  peculiarity  of  a  tnic  germ  cell  is.  that  it  is  un- 
specialised,  continuous  in  quality  with  the  original  germ  cell 
from  which  the  parent  .iroKc,  and  not  very  liable  to  be 
tainted  by  the  mislupt  whicli  may  befall  the  "  body  "  which 
bears  it.  And,  finally,  in  t)»e  mixture  of  two  units  of  living 
matter  whicli  have  had  dilTercnl  histories,  tlie  possibility  of 
|)cnnuutions  and  combinations,  in  other  words,  of  variation 
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I«  evidently  supptwcl  {u*  p.  63).  Thus  ft  is  not  gmpriang 
lo  find  thm  iht;  SK-xual  method  of  liberating  buds  has  been 
re])lai:ctl  tn  mmt  animals  by  the  Itbention  of  special  geim 
ctll*.  by  (be  inoti;  i-i:<;noniica]  and  advanugeous  pioceaa  of 
•onual  iqiroduciion. 

St/MMAHV  or  Modes  or  RErRouucnoM. 

A.  In  tingle  ttlM  Animab  (rrotoioa). 

(1)  Ttur  alinoM  mMlUBlnl  tuelMio  vt  a»  aniirboU  mH,  which  (UB 

IwconM  tooknc  for  ptiyuologloil  ciioiltlfriani  if^^  Stkiitsmtt). 

It)  TtM  dlwlHirEa  aTniniiiiroua  nip«tfinil  badi  a)  onc«  lAf.  AralU 

jj)  Tli«  lininiition  tiroae  IwdaiB  time  (very  cMnincin). 

ul  TIhi  unllnnix  iflvitton  inlo  Ihv  lUt^Mct  oelli  u  the  Until  of 
Ipowlh. 

(S)  ttcpnlMl  illiitlimi  vtiihlii  llniiiol  linic  uii)  within  Nmllal  tp«c 
(Ncpt).  'I'll"  iciulli  In  nlitii  M  called  ipotc  fofflutioc.  "frc« 
rnll  rornulliiii."  "cndogrnnut  nwiliifiJicalion"  (/i^.,  in  Un- 
Kailiin).  ■ 

0.  Jti  many  alttd  Animalt  CSKcXazoa). 

{Attxual.) 

(al  Tie  tr|>si4lluii  >'\  B  cUiiiiii  oi  body  cvlb.  '^..  (roiD  Ibc  wrtioe  of 

•unii!  St<<»ii;ir>.     (A  mnle  fonn  m  binJilini;.) 
(A)  1'liu  (iwAMtkoi  III  ilrfiiill*  Iwihwlilchiaarof  majmot  be  Bbentedt 

■ntl  otW  tona\  uf  baciiuI  inuliipJicMkMi. 

(a)  Tbc  IlK-iaiiii'i  i>r  cslU  (dim  a  timplc  Metuoan  la  alilch  there  b 
■)  III  <<  iiHeiIiuui  tlui  llic  illMinction  Urlwcfobodrcolk 

Mil)  >  "  ivllt  l>  nnt  nmrkni.    t'ln'"''"''*^') 

{t)  T*"'  III'  lii-  111  "I  -.i-wijI  rc|>n*tiicii<«  oi  (otin  cells,  ■hich  have 
Hot  iiktri  |uii  111  1)11'  Mmatioa  oS  the  body,  Miil  which  mua, 
iiictc  •II  Im  uim1i«irI,  tht  iiih(tcnl  mULtiiici  of  the  ixiciiul  gerai 
tall  (dim  whUi  Ihv  |Mt«iil  araw.  ThcM  tpeckl  rcpti>ductivc 
nUt—iha  ova  and  *parnwtoa«— we  licnnaUy  uailol  fn  fertj- 
IkMiiin,  tnil  nmc  aninulk  liare  (pUthMKfOiclle)  cmi  vMch 
i1f1ill>5>  HtthcHit  l«ii|[  (cllllltcil. 

77b  EvoJution  e/Stx. 
r  problem  in  to  acxount  for  iIk  two  facts  (n)  iJui 
iHM^Kt  riil»cr  males  or  femnlci,  the  former  liberal- 
ini{  actively  motile  male  dements  or  spcrmatoxoa,  the  biter 
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rorming  and  uxually  liberating  mori;  pssive  egg  celts  or 
ova  i  and  {h)  that  th««:  iwo  different  kind*  of  reiwoductive 
cells  u^iully  ironic  to  nothing  unlct^s  they  i-ombine. 

The  problem  is  parti)-  solved  by  a  clear  stalinncnt  of  the 
focts.  Begin  with  those  interesting  organisms  irhich  arc  o» 
the  border  line  between  Piotoxoa  and  >lctajcoa,  the  colonbl 
Inftuorinnn  of  which  Vahox  is  a  ty]>e  {s€e  p.  95).  The  adults 
are  balls  of  cells,  and  the  component  units  are  connected  by 
protoplasmic  bridges.  From  such  a  hall  of  cells  jc\im- 
ductiv-c  units  arc  somi-timcs  set  adtift.  and  these  divide  to 
fomi  other  individuals  without  more  ado.  In  other  con- 
ditions, however,  whcii  nutritioti  is  checked,  a  less  direcl 
mode  of  reproduction  occurt.  Some  of  the  cells  become 
large  well  rc<t  ek'inentH,  or  ovii ;  others,  leM  successful, 
divide  into  many  miniilc  uriits  or  x|>eTmat<Moa.  'I'he  large 
cells  are  fertilised  by  the  small.  Hero  ire  «ce  the  formation 
of  dimorphic  reproductive  cells  in  different  parts  of  the 
same  or^nism.  Uui  wc  may  also  iind  Vohiox  balls  in 
which  only  ova  arc  beJr^  made,  and  others  with  only  siier- 
inaiozoft.  The  former  Mem  to  be  more  vegetative  and 
nutritive  than  the  latter;  we  call  them  female  and  male 
organisms  respectively ;  we  are  at  the  foundation  of  the 
differences  between  the  two  sexes. 

All  through  the  animal  scries,  from  active  Infusorians  and 
ixusive  Grcgarincs,  to  feveri&li  Birds  and  more  sluggish 
Keptilei,  we  read  antitheses  between  activity  and  passivity, 
between  laviKh  exi>eti<]iiure  of  enerjur  and  a  habit  of  storing. 
The  ratio  belween  disruptive  {^/(jiW/f-)  processes  and  con- 
structive {anaMic)  processes  in  the  protojilasmic  mi-tabolism 
varies  from  type  to  type.  Wc  belicic  that  the  contrast 
between  (he  sexes  is  another  expression  of  this  fundanicntal 
alternative  of  variation. 

Tliis  theory  may  be  confirmed  in  many  ways,  e^.,  by 
contrasting  (he  characteristic  jiroducts  of  female  life^— 
pos&ive  ova,  with  the  characteristic  prodncts  of  male  life, — 
active  sperinatoioa ;  or  by  comparing  the  complex  con- 
ditions (such  as  abundant  food,  favourable  temperature) 
which  tend  to  produce  female  offspring,  with  the  opposite 
conditioiu.  which  tend  to  produce  malen ;  or  by  contrasting 
the  »ecoiJdary  sexual  characters  of  male*  (t-g.,  bright  colours 
and  imalter  ukc),  with  the  o|>)>o»ite  chiiractcristtcs  of  females. 
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S/axet  in  the  Hhlwy  of  FtrHlisatHm. 

VniBe  it  iB  &ol  lUlhcuh  to  mc  the  mihMilagr  id  bniliMtka  m  •  | 

CM  wUch  help)  lo  uutain  Ibr  ituidani  oi  >Tcnp  of  a  tpackt  ■ 

a  wutec  of  iww  muiiotii,  wr  can  it  procal  io  tiitlc  man  ifaHi  id 

nrioiu  larmi-  in  «Kich  (he  prons  nccan. 

(a)  Farmalittt  ^/VdiiH-o/M.  ihe  flowine  tocinbc*  of  DRncraui  feeble 

calla.  a»  •ten  in  the  life  biitocy  of  ihow  107  uaiple  ProCOBoa 

aUcd  IWcanijnia.  r.t^  /VMMM/jd,  ami  M jcciiuaa,  «4_  fIcnKn 

of  IBD  {jfjkaliMm  uMieum). 

(i|  MiiJtifit  Cm/ii^ati*if,m  which  morcllian  IwoccUt  «nil«aniJ  Rnc 

laKeiher,  b>  in  tame  Grt^xino  aoil  in  Ibc  nm  aniialciifc 

{AttitmfkariHm'i. 

(ff  OrHnary  Cmjugntimt,  in  which  two  icniki  <eUi  foae  togobct. 
obatrted  in  Grc^arina  and  Rhiufioda.  IndliMed  Iviuiaikam, 
ibo  oonjuiinlitin  niay  It  incrcty  a  tcanpotaqraolM^  darisg  which 
nuclear  eWmcnlK  aic  ininchan(!«<l. 

(^  pimtrfhii  Ctnjugalim.  in  which  luxi  cciU  dilCnnil  fron  uo« 
anoUicr  fuw  inio  ooc.  a  pnwcu  well  illariiatcd  in  frrtiitUt  and 
Klatcd  Infawiiam.  uhcte  a  uuaJI,  actirc.  fr««  twinuniit  (we 
mav  lay.  male)  cell  onilo  uiih  a  fixed  iodindual  ofmonadJdit, 
which  majr  Uriy  be  callol  female  {i^  Fij;.  t^o.  94)l 

M  FirtiA'Mfifii,  in  wbkb  a  tpcrawKnooR  Ilt>rnteJ  from  a  Mcuioon 
anile*  inlimatptjr  with  as  ovum  liberated  bom  anothn  iadtridnal 
nonmllr  c4  the  «me  specin. 

DhtrgtHt  Afodts  0/  Sexual  Rtprodndion. 

(a)  HermaphrvJilUm  m  ihc  coniUnation  of  mule  and 
fcnuili;  Mxual  funciiotiit  in  varying  debtees  within  one 
organiim.  It  nuy  be  dcmottstmbk-  in  vaily  life  only,  and 
diiwppear  ois  malciKss  or  fcinaln>L-ss  predominates  in  the 
adult.  Il  ina)'  occur  as  a  casualty  of  as  a  reversion ;  or  it 
■nay  Iw  itormal  in  tin:  adult,  e^.,  in  some  Sponges  and 
Coilcntcra,  in  many  "worms,"  e^.,  earthworm  and  leech,  in 
lamoctc*  and  acivn  tbottt,  in  one  species  of  oyster,  tn  the 
anail,  and  in  many  other  llivalvirt  and  G«stropods,  in  Tuni- 
catea  and  in  the  hngfiih.  In  moat  can-s,  thotigh  these 
atutoali  uc  liivrxual,  Ihcy  produce  ova  at  one  period  and 
■pentMloMKt  at  another  (dichogamy).  It  rarely  occurs  («^„ 
1       in  MitM!  |>araikiii<-  wotmt<)  tlut  the  ova  <A  a  hcnnaphrodite  are 

■  fertilise*)  tiy  tiK  %{>eniiato«M  of  tl»c  same  animal.  Certain 
H     bell,  socb  at  ilie  <M;cutrcnce  of  ItamnphnMlilc  organs  as  a 

■  Usnsilory  RlaRc  m  tbc  devclopiiteitl  of  the  embryos  of  many 
I  unbcKUol  animalB  {e^.,  (rog  and  bird),  make  it  likely  that 
H     ticrnuplirodiliam  i*  iho  primilivc  condition,  and  that  the 
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unisexual  condition  of  pcrman«nl  malcncss  or  rcinalcncss  is 
a  sefx>ndary  dilTercntiation.  The  cases  which  wc  liavc  cited 
attovv  may  \tc  icitcqircltfd  as  dii«  to  petHistcnce  of  the  primi- 
tive <:ondition,  or  a«  tcvcrsionx  to  it. 

((S)  ParihtmsgfHtiis,  as  wt  know  it,  is  b  degenerate  fonn 
of  sckual  TcpToductioD,  in  which  ora  produced  by  temiile 
organisms  develop  without  being  fertilised  by  male  elements. 
It  is  well  illustrated  by  Rotifers,  in  which  fertilisation  is  not 
known  to  occur,  while  in  some  genera  males  have  never 
Iteen  found ;  by  iiuny  smalt  Cnistacetnii  whose  males  are 
absent  for  a  season  ;  by  aphides,  from  among  which  males 
may  be  absent  for  the  summer  (or  in  artificial  conditions  for 
sema]  years)  without  aRecting  the  rapid  succession  of  female 


'/VS. 


Flo.  6i— Diaerammalic  e>(irc<Aion  ufAllcination  uf 
gmcntioni. 

I.  llvdnMMdUM. 

tnitem  HKul  fam  or  tarm*  S:  ui  catv  at  Hjrdivmcctuift  ^  U  r«. 
IpmniHd  hy  kri)>«><  ("><>T><t  t  by  in*dii~>ul  {My 

II.  Li«i  riuki. 

tfv.  t'vnilMl  avi*w  ty***  Hi*  *4  a*ciiihI  lUn  (^)  mrKich,  IVoin 
•patU  ifOrt-IA*  alU  [XX  pnxlw  iiancuall)' <li«  m>iuJ  I1uIl<(0. 

generations  ;  by  the  ]>ioduction  of  drones  in  the  Iwc  hive,— 
lor  the  cg{^  which  ^ive  hm;  to  drones  arc  unicttiliscd  (tt€ 
p.  60). 

{()  Ailtrmtlioti  ef  Crntraliois. — A  fixed  asexual  hydroid 
or  ioo|>hyte  (campanulaii.-in  or  tububrian)  often  bu<b  oUT 
and  lilwmtes  wxual  medusoids  or  swimming  Mis,  whose 
fertilised  ova  dcvdop  into  embryos  which  become  fixed  and 
{{row  into  hydroids  (l-'ig.  4i>,  p.  156).  litis  is  the  simplest 
illustration  of  aliematton   of  generations,   whieh   may  be 
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defined  as  Ihc  alternate  occurrence  in  one  life  cyelc  of 
(or  more)  diffcrciii  forms  diffcrcnily  produced. 

The  liver  liuke  {Disinmn  htpatitHm)  of  ihe  sheep  produces 
eggs  which  when  ft-rliltsed  grow  into  emljrjON.  Within  the 
latter,  certain  cells  (which  can  hardly  l>e  called  eggs)  srov 
into  numerous  other  larv-fe  of  n  different  fomu  Within  ttiese 
the  same  process  is  repealed,  and  finally  the  lan-a;  thus 
produced  grow  (in  ccD^tn  conditions)  into  sexual  fiuVes 
(Fig.  54,  p.  i6S).  In  thtH  oaan,  reproduction  by  sjwcial  cells 
like  undifferentiated  j>reeui:^iouK  ova,  atternatirs  with  reptoduc- 
tion  by  ordinar>'  fertilised  egg  celts.  .So,  too,  the  virgctali^e 
sexless  "  fern  plant "  gives  rise  to  special  spore  cells,  which 
develop  into  nn  inconspicuous  bisexual  " prothallus,"  from 
the  fcttiiiscd  cgs  cell  of  which  a  "  fern  plant "  springs. 

Various  kinds  of  alternation  are  seen  in  the  life  cycle  of 
the  fresh  water  sponge,  in  the  stages  of  the  Jelly  fish  Aurtlu\, 
in  the  history-  of  some  "worms"  and  Tunicucs.  They 
illustrate  a  rhythm  between  asexual  and  sexual  multiplica- 
tion, between  panhenogenetic  and  normally  sexual  reproduc- 
tion, between  regetative  and  animal  life,  between  a  relatively 
"  anabolic  "  and  a  reblivdy  "  kauholic  "  preponderance. 


II.  IvMnRYOLOcr, 


Tht  Egg  Cfiler  Ovum. — Apart  from  cases  of  aicxua) 
production  and  parthenogenesis  every  multicellular  organism 
begins  life  as  an  e^g  cell  witli  which  a  male  cell  or  sperma- 
tOMWn  hail  entered  into  intimnic  union. 

The  most  iin])urtan(  characteristic  of  the  rcprodueli*^ 
cells,  whether  male  or  female,  is  that  they  retain  the  es<«n- 
ttal  ciuatities  of  the  fertilised  ovum  from  which  the  parciit 
animal  was  developed. 

The  ovum  has  the  usual  characters  of  a  cell ;  its  sub> 
Mance  is  traversed  by  a  line  protoplasmic  network  ;  its 
nucleus  or  germinal  vesicle  conlams  the  usual  chromatin 
elements;  it  has  of^en  a  distinct  shcatb  representing  a  cell 
wall. 

In  Sponges,  the  ova  are  well  nourished  cells  in  the  middle 
stratum  of  the  body  ;  in  Ccclcntera  they  seem  to  arise  in 
connection  with  either  outer  or  inner  layer  (ectoderm  d< 
eruioderm) ;  in  all  other  animals,  ibey  arise  in  connection 
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with  t)ic  iniddlt:  layer  or  tneiiorlerni.  utualty  on  an  ;in»  of 
ihe  epithelium  liiiinglhc  body  cavity.  In  lower  ammals  they 
often  arise  somewhnl  diffutcly  ;  in  higher  animals  their  Tor- 
imtion  is  rcstTictod  to  distinct  regions,  and  usually  to  definite 
OTgjms — ^the  ovaries. 

The  young  o^-um  is  ofi«n  smuboid,  and  that  of  Hy^ra 
retains  this  character  for  some  time  (Fi);.  41,  p.  139).  The 
ovum  grou-x  at  the  expenie  of  adjacent  cells  or  t>y  aMoTbin^ 
Tnatcruii  which  is  contributed  by  t^K-cial  yolk  glands  or  sup- 
plied by  the  vascular  Riiid  of  the  body. 

The  yolk  or  nutritive  capital  may  be  small  in  amount 


FlO.  ?• — IMiipwn  of  ovum,  thowlnf  dlffatu  )wlk  RiaAuln. 
f.p-  nrrwiuJ  avuk^  or  DiKtflua ;  dkr,  chnmalw  claomll. 

and  dteriliutcd  uniformly  in  the  cell  as  in  the  o%-a  of 
Mammals,  earthworm,  starfish,  and  sponge  \  of  it  may  be 
more  abundant,  sinking  towards  one  pole  as  in  the  egg  of 
the  frog,  or  accumulated  in  the  centre  as  in  the  eg|!:s  of 
Insects  and  Crustaceans ;  or  it  may  be  very  eopiotis,  dwarf- 
ing the  formative  protopbsm,  as  in  the  eggs  of  ItirtU,  Kep- 
lilei,  and  most  Fishes. 

Round  the  egg  there  are  often  sheaths  or  envelopes  of 
vnrioul  kinds,  (a)  made  by  the  ovum  itself,  and  then  very 
delicate  (t^g.,  the  vitelline  membrane);  {k)  formed  by  adja- 
cent cells  (aj;.,  tlic  follicular  eiiTelope);  or  (rf  formed  by 
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ipecial  gbitds  or  glandular  cells  in  the  mils  tA  the  oviducu 
^<vf.,  the  "tbelb'^  of  nutn;  eggs).  The  envelope  U  often 
niTD,  as  in  the  cliitiiraus  coat  around  the  eggs  of  many 
Ituecta,  and  in  tlK-sc  cases  there  is  oficn  n  little  spcrtutc 
(microfyylc)  through  which  atone  the  spenmuocoon  onn  enter. 
The  hard  calcait;o4is  shells  round  the  eggs  of  Birds  aivd 
TonotMs,  or  iht;  tnemiaid's  purseendosingtheeKSo'^'^l'A'c 
arc  of  ooune  forrned  after  fertilisation.  Egg  shelb  mutt  l>e 
distinguished  rrom  egg  capsutcs  or  eocoofls,  €^.,  of  the 
earthworm,  in  which  scvcml  eggs  are  wrapped  up  together. 

Tht  MaU  Ctil  or  Sp<rmat«i«oH  is  a  much  snuUcr  and 
usually  n  much  more  active  cell  than  the  orum.     In  ii& 


Fio.  8L— Fotau  «r  S]]cnn>lom>  (dm  ilrami  lo  ncale). 


I  mi  t,  I— n*i  ud  iHiun  i^RnMana  <4  tui :  l  of  hinl ; 
•dmmVKhmti  m-aUtltmrnhm;  I,  uU):  >  «T.iTi»nd... 
lb  diwwlfc  trhtc  t/i;  *  «<  Scitk  tj^blly  mikMU  vilkc^i 


nfenUt  ate,  loromotor  i-ncrgy.  and  persistent  vitality,  it 
MMnblct  a  ibgclbtc  motiad,  whik  ihe  ovum  is  cotnparaUc 
tn  an  armelM  or  lo  one  of  the  morv  cncyucd  l'roto»oa. 

A  «jK-rinitaizo(m  lias  uttually  three  diuinct  parts :  the 
ewenlial  "hctul,"  contioling  nwinly  of  nucleus,  and  the 
ntohilc  "  tail "  which  i\  often  fibrillaicd,  ai»d  a  small  middle 
I'xrtitin  betweai  liead  and  tail,  which  is  regarded  by  some  as 
till!  CBnirtnomc.  The  spermatojcoa  of  Thrcadwomia  and 
iiacearu   are  sbjopsh,  and   Inclined  to  be  anKfiboid 

Mh  uva  and  titrtmatoMia  arc  true  cells,  and  they  are 
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oomplcfncntar)-,  but  the  spormattuoon  hn,-s  a  longer  history 
behind  iL  TIh;  homologuc  of  the  ovum  is  the  mother 
sperm  cell  or  spcnnalogonium.  This  segments  much  as  the 
o%'uro  docs,  but  the  cells  into  which  it  divides  have  little 
coherence.  The)' goapari,  and  become  sperrnalozoa.  There 
U  a  striking  rcsemMancv  l>etwcen  the  different  ways  in  which 
3  mother  sperm  cctl  divides  and  the  varioux  kinds  of  segmen- 
tation in  ova.  In  most  cases  the  spermatogonium  divides  into 
spermalocyics,  which  usually  divide  again  into  spcrinatides 
or  young  spermatoiEoa. 

Afatunttian  of  the  <>twjn.-'When  the  egg  cell  attains  its 
definite  siie  or  limit  of  growth,  it  tnintts  Trotn  the  ovary  or 


*' 


Q 


Ktd.  9.— Diagram  tA  tnaliiraliiin  «ii<l  frilllintloak 
'    <FTOni  ••  Eit-lulion  of  Sex.") 

A,  hiailiTf  vt  o*I1,  luppMtJ  »  \m  MotelicM. 

A  Own:  C-  ftrHiilun  •t4na  polu  bodyCi,  AfOl  l>'  (cinuiUn 
•r>m>d  lulM  *ntf  (t.  t*cy 

/tt.  Moibv  tpvrm  (4II  \  d,  Iha  am«  dirtdvd  (tptrai'inoraU  or 
^rfnifan.  «  «Kf  laBloioniunOk 

D\.  Hill  of  iMiHpt  >pciiula*ga  or  ipcmiuum :  if.  HIkriIiiI 

h.  fnaniDf  (tnllliailxii  ^. hVMmIi of  lult anil  r«ut* iiutM 

from  it«  place  of  formation,  and  in  favourable  conditions 
meets  either  within  or  oulsidc  ibc  body  with  a  spermatonoon 
from  Aituthcr  animal.  Before  thi*  union  l>etweien  ovum  and 
spermaioraon  is  ellected.  generally  indeed  before  it  has 
twguii,  live  nucleus  or  germinal  vesicle  of  the  ot'um  moves 
to  the  periphery  and  divides  twice.  This  division  results  in 
the  formation  arid  extrusion  of  two  mitiute  cells  or  polar 
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bodies,  the  first  containing  hBlf.  ihc  second  nt-ccssarily  a 
quarter  of  the  nuclear  inaierial  which  composed  ihe  germinal 
vesicle.  The  nucleus  is  thus  reduced  to  a  quarici  of  iU 
original  chromatin  content.  Ii  is  noteworthy  that  the 
second  diviiiion  follows  clune  on  the  first  without  the  inter- 
vention of  the  "resting  stAgc,"  whirh  u.sually  succeeds  a 
nuclear  dii-ision.  Moreover,  there  js  (hiii  important  differ- 
ence belwctm  the  fonoatioD  of  polar  bodies  and  ordinary 
cell  division,  that  the  number  of  nuclear  rods  or  chromosomes 
suffers  reduction,  whereas  in  ordinary  karyokincsis  the 
daughter  nuclei  have  as  many  nuclear  rods  as  the  original 
cell.  The  extruded  polar  l>odies  come  to  nothing,  though 
they  may  linger  for  a  lime  in  the  precincts  of  the  ovum,  and 
may  e\-cn  divide.  'ITie  extrusion  of  polar  glolwles  from 
mature  ova  seems  to  be  ainio&l  univcr^l :  but  observations 
arc  lacking  in  regard  to  Birds  and  Reptiles.  Moreover, 
^N'cismann  and  Ischiluwa  have  shown  that  in  all  pariheno- 
gcnetie  ova  which  tliey  have  examined,  only  one  polar  body 
is  formed.  It  is  said,  however,  thai  in  the  parthcnogenetic 
eggs  which  become  drones  ( Blochm.'uin),  and  in  those  of  a 
moih  called  Zf/urw  (Plainer),  two  polai  bodies  are  fonned. 
But  in  neither  of  these  two  exceptional  cases  is  the  partheno- 
genesis habitual ;  thu.>i  many  of  the  eggs  which  the  queen 
bee  lays  are  fcriilised,  and  give  rise  to  iiueens  and  workers. 

One  of  Iho  nioM  impotlAnl  mulu  of  reccnl  invotiguliimt  ns  lo  paUt 
torlicii  \i  ilur  lo  O.  Ilcnwli:  nud  uilicrt.  Ii  nuy  lie  liriclly  tidtciU  wilh 
IttTiieulnr  irrcrcncc  to  ihe  <ii»  «f  Autaii  aifgalMffhatx—xXiK  ihinul- 
worm  iif  Ilic  hurw.  In  one  vsricly  of  this  wunn  (vni.  bivalaii\  Ihv 
gvrmiinl  I'nidc  of  llie  uvum  canlaini  four  niicti:u  ro^i,  chrcimosomcs 
oriduiti.  By  doubling  ihdciDCieuctodshi  11%.  10.B);  thcfint  polar 
bodf  KWsottuilhfouctKiS.  lO-CLaDdlhcH-CDnil  wi!hlwatt''is- 10>  D)| 
Icn<nn|;  lun.  Two  "  tcilucin);  Jivi>ioia"  have  llii»  occulted. 
Similaily.  the  liomul<i|^ir  ai  iht-  nviim,  (he  i-pcnii  mother  cell  oonttiM 
four  chromoMniM  in  it»  iiiideui  (Fig.  10.  A').  Ky  ilonliline  thcM 
incrASc  to  rigUl  \.V\e.  10,  II'),  and  t^  divjiion  the  cell  formi  four 
B|H.'niuiloioa,  each  with  l«o.  When  fcrtiUialian  inkn  pUcv.  the  nudent 
of  (he  ipentiatainKin,  with  tiro  chtoiiKiMiineiy  nnitci  wiili  i)if  reduced 
nueleui  of  the  omm,  al«i  wi(h  two  chiomotomoi  :  uiil  Ihc  numLet  ii 
ttiui  DiUeil  to  foui,  which  it  (lie  nor111.1l  nuinlH-r  in  the  oellt  of  ihit 
vuictr  ti  AiCarU  tutgthtffJttla.  There  it  ihiiH  a  tliikini;  (Bialleliim  in 
the  hmoty  of  the  iwn  nuclei  which  unite  in  fediliuIicRi ;  IkxIi  have  liooi 
«ubJKtciJ  (n  tcilucing  i^iviiiiuiiB.  If  this  did  not  occur.  «ach  fettiliKBtioa 
would  invoWea  doubling  of  the  numlicr  nf  chromutomet.  Weiimacn 
interprets  the  whole  pioetai  ui  an  •rrangemeni   l>y  which  the  com- 
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UiMtkm  ami  p«i«iuutioa»  of  nuclear  rodt  odJ  iIwU  vital  quaUilMar* 
iMroued  to  » to  give  rue  lo  new  nhMkniii. 

Tltcn!  ate.  inikcd,  olhcr  liUcr|wtiitiiMu,  inil  ilic  fxti  arc  ilifliruli 
ID  onlcnuiiil  en  any  ilinwy.  Thut  Minut,  fblCuur.  Van  BennlFn.  and 
elk«Ti  havr  «u|kt«I*iI  tlul  iho  pulai  badi«i  tit  ntticdoni  of  male 
MihMaooa  (ran  i(m  oruai.  BulKliIi.  Gbfd,  uiil  otben  ioternet  Ihc 
ptMDBtofc  diinioa  of  (he  uvun  u  the  tumviU  of  an  MicJenl  haul,  and 
rtnnl  the  polar  bodia  as  ndincdlary  at  aliorlivc  uim. 
^ll  may  \k  [iwiiVite  id  conibinc  Taiicnt*  intcipicuilunt :  (i)  ihr  ovum 

*  lei,  like  ar I',  tike  ilie  Vt-iatoan  inccMon,  *1  it*  limit  o( 

'Iti  :  (1)  It  I  'loo  in  wwic  my  dilltientitle  the  ovum  and 

CnttlUaii'"!  i"  rvu  «lc  »t  mure  [iToliUliIt :  (jttlie  peculiar  roductkni 
lavttlvcd  in  lh>  pracew  inakta  ibe  oncinorncw  variations  mure  certain. 

Fcrtilitaliiyit.  —  In  Iht"  seventeenth  and  cighlt^cnlh  ccn- 
tuiics,  some  naiuralUu,  nicknamed  "  ovist^"  bclie^'cd  that 


A' 


C  fLi 


/*." 


•  •#(§ 

FlC  IIX — Sponnatiigenctis  nnil  T'llu  tMi<lie».    (Ahir 
llBRTWIti  and  WtlSMAVX.) 

Ai.  PriaWn  cim  nil  oljtumrit  •«iyaf'e>/4al*  vtr.Ur^tbm 
U  Aiammtmni 

tiT    SpmiiiMlMr Mil (■  duwnftonHi^ 

'        I  ■  ■wlBCiiiei  fauntal.  cadi  vlih  «  dmniMcmt*  (B™ 

t«  .11^ 

i->aut«B*  ittwad.  (Bch  oiih  3  (hnBaMBM  Ixcmd 

A.   KlwUv(B<n>M<l(«<h"«><n»aoX 
II-  fMf4**nL9va4ownilihivi%o^^mt^), 
V-  KanMiUn f/ArM  |ulu  lDay(M,i)(flr<t  '«4udn( 4Wiitmlk 
D.  ramHton  ef  iMaaJ   p<^  ludr  (^  j)  (Mcood   iiJaani 
dlflaMiV    V'^'K  foUr  body  qay  iIivhW  mi«  i«u- 

Uk  ovum  was  oD-important,  only  needing  tlie  sperm's 
■wakening  touch  to  l>egm  unroMin^;  the  miniature  model 
which  it  contained.  Otbert,  nirknumed  "  an! maku lists." 
were  ctituill)*  confident  that  the  Hpcmi  wax  essential,  though 
it  required  to  \x  (ed  by  the  ovum.      Even  a/ter  it  was 
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recognised  that  both  kinds  of  reproductive  dements  were 
oaciuja],  nutiy  ihouK^i  thai  their  actual  contact  was  un- 
necessary, tliat  rerlilisaiion  might  lie  aflfected  by  an  anra 
seminalis.  'i'hough  «|K:rninti)7oa  were  dixtiiiclly  seen  by 
Hnmm  and  l^-ciiwenhock  in  1677,  tbrir  actual  union  with 
nva  was  not  observed  till  1S43,  «hcn  Martin  Itany  detected 
it  in  ihf  rabbit. 

or  the  many  facts  which  we  now  know  about  fertilisation, 
the  following  are  the  most  imiiortant  :-■ 

(i.)  Apart  from  the  ocrurrcncc  of  parthenogenesis  tn  a 


Flo.  IJ.— Ferlilimtion  in  Aienrii  ine|tBlo«|)haU. 
(After  JiovKKi.) 

1.  SptnwtowBn  (j>.)  cntcriai:  otum.  sbicb  cuiiiaina  laJuctd 
nucTna  {A^X  bimnf  ciwt  off  t*u  polAc  ^K^tic*  (/A  i  and  i^ 
*■  S|Mni  nwlffu  (nX  «iu]  1VU111  tiudtui  Qf),  «Kh  wtili  lira 


vvrit,  in  put  10  ihr  chipmvKkinr*  m  iTir  iwoapiinaliMitd  nucW. 


1  ndiuinc  out- 


ivrit,  in  put  10  ihp  chTOinflfc"»m^  m  iTi*  iwo   ,  _ 
^  S«tni<riiuiHUk  i^Ehdle  l*fon  tvtl  clavuKv- 

few  of  the  lower  animals,  an  ovum  b^ns  to  divide  only 
after  a  spermatozoon  has  united  with  it.  After  one  sper- 
matoTOon  ha5  entered  the  ovum,  the  latter  ceases  to  be 
receptive,  and  oiht-r  M[)erniatoi!oa  are  excluded.  If,  as  rarely 
B,  several  siicrmnioitoii  effect  an  entrance  into  the 
result  is  usually  palholo)cical.    It  is  said,  howe>-er. 
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ih>?  ciiuaricv  uf  numerous  spennaion>a  (pulf»|>enny>  i» 
lucnt  in  ini«cLi  and  Ebsmohnutch  fiiihes. 

(j.)  The  union  of  sperm.iloioon  and  oviiin  in  very  intimate; 
the  nucleus  o(  the  spcrtnattuoon  and  the  reduced  nucleus  cf 
the  o^niin  appixucfa  onv  another,  cocnbining  to  form  a  do^a  [ 
nucleus. 

(3.)  Ulicn  this  combined  or  segmentation  nucleus  tK^jins 
the  process  of  development  by  dividing  each  of  the  two 
dxufihter  nuclei  which  tenult  eonii.iLt  partly  of  ntatcri.il 
derived  fToni  the  sperm  nuek-u»,  partly  of  material  derived 
from  tlie  oviim  nucleus.  In  other  words,  the  union  is 
orderly  at  well  as  intimate,  and  the  Mibsctguent  division  is 
so  exact,  that  the  qualitii's  so  mar>'«llou&ly  inherent  in  the 
sperm  nucleus  (those  of  itK  male  parent),  and  in  tlu;  nvuin 
nucleus  (tlMise  of  tlic  mother  aniinal),  are  difTuwd  ihrouuh- 
(wt  the  body  of  the  offspring,  and  |ier»tt  in  iu  reproductive 
odt*. 

Ai  10  the  iDlecpieUiicfl  o(  tb«ic  facti.  Wdimann  naiMAiwi  the 
Imparunce  ol  Ihe  quantiulh-c  ntliiilion  which  Ihc  ipcvoi  nufl«ui  nuikcs 
tu  ihc  ituniniihcd  mttiaa  of  the  ovudi.      At  ihe  tame  ttnic,  be  Diidtf 
IB  lapntunt   w)U««  (rf  lni)i*ni«lUe  wUticinii  In   ihr   mlBeling  of 
lk«  IWD  Buekar  wtMOACC*  tani|>hisiUi«).     U(li>,-r>>  l>cli'-vc  Uwt  ihff] 
■lif,ltiiiL  dlmiaUbM  LbD  ririt  of  anivronnljtr  iitiMynrtaiii--  lidng  inn*' 
«kl«d  Sum  pkrtnlB  Id  aBffmg.    Ulfam  i-in|>liausr  ibe  icira  Ihal  the 
tptm  wpfilk*  i  vital  Minulw  to  ihc  ovum,  and  (hi*  wvmi  lo  be 
CMiuUMBied  liy  Ihe  fact  well  knonii  lo  lirecden  Ibu  impiegiMIian  by 
•  oala  trilli  (crliin  iiiarhol  duncltriuic*  iiiAumcc*  Ihc  c<:ioallalkm  of  ] 
Ikt  fawaW.  nihI  umy  hane  ta  dftxt  on  the  |in)|;en]r  of  tulM>|uen(  ytait] 
and  bjr  dlCcreiit  hmI**  ( "  lelccon;  "  I. 

S<_>:''i"itat!OH. — The  different  modes  of  divi skin  exhibited 
by  fertilised  egg  cells  depend  in  great  measure  on  the 
quantity  and  disfiositton  of  the  ]iaasivc  aitd  nutritive  yollc 
material,  which  ts  often  called  dcutopiasm  in  contrast  to 
the  active  and  funnative  |>rotn|ila.\m.  i'hc  pole  of  the  ovum 
at  which  the  formative  protoplasm  lies,  and  at  which  the 
fpcnnatouxin  enters,  is  often  called  the  animal  jiole  ;  the 
other,  toward*  which  the  heavier  yolk  tends  to  sink,  is  called 
die  vegiHniive  pole. 

In  contrasting  the  <^icr  modes  of  segmentation,  it  should 
he  recognbed  ihm  they  are  all  connected  by  gradations. 


«4    ftErJtODVCTfOy  AUD  UfR  H/SlOfC  Y  0^  AMMAIS. 


KlO.  tL— Mo<U«  of  KSiiicntMioTiL. 
Dtuu  "kh  liiilc  yolk  *cf  nenti  wtally  and  tqually  imo  a 

_  Otum  viih  c«iii<]c«B|p|t  TtiJli^>ii1wnr  voleKeounhiirholly 
iai  iiiic€]uall)?,  r.^^4  frog;  O^'')  '"C*'  >^tl[.  lodciicvlU, 

],  Onini  wiib  miKh  yolk  ««rin*nit  fanbfly  anct  4lv:OnJjJlT', 
fonuiiif  bluioJcffin  f-li  fir.,  Urt. 

4.  0Yiuiiw^tliccn(r«l)i>IL(>^«cCQKriiK))artull^4iLdpcriph«nni, 
f ^.,  cnyAkb- 
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A.  C(uiri.irni  Uivisiox— lldohtMiic  Si.-ecncnutian. 

I.  Vjgf^  Hilh  lt(tl«  in-t  iliifuK  yolk  molcrial  >li<i(lc  c(iiu|ikit-)y  into 
<|iHiitiii>  \\r\\  ,.,iinl  ..-Uk. 
(at.  Ot«  "  I  .1  {i.r.,  witlivul  yalkl  undrr|pi  a|>|>ciai- 

niBlHy  ■  >  •n;">uti''i''<'i>)i 

Thu  ■•  Ultuliiitol  in  xarM  "^ytotx^r*.,  itiosi  C-i.-li'ntcri.  wmc 
"  wixnii,"  iiuBi  K<hin'"leriii-<,  lomc  Miilliito,  ill  Tirni- 
CBl49.  Amplliants.  «nil  motl  MiuniiMlt. 

II-  I'^X^  with  ■>  lllttr  }tilk  nialerul  •ivuniulnlcil  lovaiiU  mic  pole, 
glviile ixHiifilrtdy.  I>ui  iiii.>  imiiiH«I  .i-lK 
[or,  Oia  wiihuM  xiy  ilMmbBl  ilixi'tiih-.ni,  hul  wilh  mliat  thcf 

hi"   I''' -...I-   ."!■■   iwk  |k!o]o:ilktl},  uiukii-n  unortuiil 

Jii  '  li 

I  I  uinii:  Sponuet.  tunic  Ovkiilvrs  (r^., 

,    HMBc    "  wotRit,"   tnniiy    Mulliiko,   ilw 
I  ..iiutd  Kitlic^  C'tmltfm,  Xiik^iliiliixns. 

R  lUrriAL  DtvtilOM— McTirfilmu-.SeEiiHnlaluM. 

III.   1!(x«  wKt)  *  l-->i^'  ifUaiility  »(  y>ik.  uii  wlildi  i)h!  fciniia(i<<i 
[i(.w:.r,i,.m  IIP,  a,  J,  iniall  iIm  U  one  imlc,  ilividc  larliallyt 

»i<  .'  il  fuliiiiri. 

[»i.  '  '        "I     .  aic  icloli-dlktl,  Mid   have  a  Ut|[e  cjuanliiy  of 
<l<ul<>i'U,>rii.  iw<)crxi>  iiictobliullc  ami  ilitoiidnl  u^iiirnlailunj. 
Tliik  h  llhi>lial<-l  in  all  1'utilc  lUlics,  nli  Kia>mitl>raiii;ti  anil 
Ti'VnIcnn  tnhcs,  .ill  Kc|>lik<  anil  Binls  nn-l  .nlvi  ill  Ihe 
VI'iiiiMiriiiri  or  Idwi-iI  Maiiiiii.iK. 


IV.   Kk, 

•I  I 


Tli»  IB  Mm 

ftllHIC 


'   1'.'  qunntily  nf  y'>1L'.  acninitilaicd  in  a 
jndcd    l)y    iJJt    (urmilive   proioplBim. 
.  .  -.jicrliFially  ol  pcii|ihcinlty, 
'iiliokcidul  niideii^  niciiililullc  and  Hit|wr- 

>i(alc>l  liy  Alnunl  si)  Aitlifoiaxb,  un\  bf  th«in 


SinniiMfUnit  Ihc  ainvt,  wr  Iutc  :- 
A-  CiOTi|4c1c  Dii'tl<». 
V.  Ptnkl  Diivion. 


I.  lt(|U«I. 

II.  UDe<|nal. 

III.  l>i<;cfi>'ial. 

IV.  rc(li>ii>.'rni. 


Hhutnf'hert  and  Marula.  —The  result  of  llio  dM.iioii  is 
UBually  .1  kill  of  cdl.i.  But  whet)  the  yoik  i.s  \<ivj  iilttitiditnt 
(III.)  a  (IJM- <>f  ccIIn-d  (liM^>i<bl  liliutodcim  — u  rormct)  at 
onr  |>olc  of  the  nuiiti  of  nutnlhi:  ntalerial  which  it  gradually 
KumiuiKlt. 

Aa  the  cells  divide  and  rcdindi:,  they  often  leave  a  large 

a 
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central  cavity^lhc  scgmcntaiion  cavity — and  a  hollow  Ixill 
of  cells — 8  lilasto-iiilicfc  or  l>bstula — rc^^ults. 


I      inai 


,VESOf>SKM. 


But  U  Ihe  KO'callcd  "  segmentation  cavity  "  be  very  Bm.-ill 
or  absent.  3  soli<l  ball  uf  celU  or  morula,  like  the  fruit  of 
tfrainblv  or  mulbc-rry,  rvsultx. 

Gmfrula. — lite  iie.\t  great  step  in  development  Is  the 

atilishment  of  the  two  primary  germinal  layers,  the  outer 

o<Icnn  and  Ihe  inner  endodenn,  or  the  epiblast  3iti.A  (he 
hy[>tiblasL 

One  hemiBphere  of  the  hollow  bnll  of  <:ill«  ni;iy  In-  ajijiar- 
emiy  dimpled  into  the  otlicr,  as  wc  might  dimiilc  .iii  mdia- 
niMKr  ball  whith  )tad  a  bole  in  it.  Thu^  out  of  a  hollow 
ball  nf  cdl»,  (I  two  layered  sac  is  formed-  a  i^a^trulci  formed 
by  invagination  or  tmMi,    The  nmuth  of  the  gasirula  is 

ted  the  blaEto|>on;>  its  eavity  the  an-henicron. 

But  where  the  ball  of  cells  is  practically  &  Kolid  morula, 
ic  apparent   iii-dimplin);  cannot    occur    in    the    fa&liion 

M-rttM.1l  above.     Yet  in  these  cases  the  two  layered  (castrula 

Mill  formed.  I'hc  smaller,  less  yolk  bden  cell.«,  towards 
animal    pole,  gradually   gnm-    roimd    tlie    lar^'r   yolk 

Dtaining  cells,  and  a  ^stiula  is  formed  by  overgrowth  or 

In  the  course  of  our  studies,  we  shall  have  opportunity  to 
Ikush  rarious  fonni  of  ga^trulaiion,  and  some  oilier  jno- 
f^\  l)y  which  two  layen  are  cMabli-^hed,  luch  as  that 
lied  Jtlaminitthn. 

AffJ-Jerm.—Wt:  are  not  yet  able  to  make  general  state- 
laits  of  much  value  in  regard  lo  the  origin  of  the  middle 
germinal  layer  the  mesoderm  or  niesoblasi.  Id  SiioiiKct 
and  Culeniera  it  b  less  distinct  than  in  higher  forms 
and  \k  usually  represented  by  a  Ki-latinous  material  (iw/o- 
Ara)  which  appears  between  ectoderm  and  cndodcrm,  and 
to  which  cells  wander  from  these  two  layers.  In  (lie 
ilhcr  MeUxoa,  the  middle  layer  may  arise  from  a  few 
im>i/y  meiMuilt  or  cells  which  apjKar  at  an  early  slaae 
iwecn  the  ectotlerm  ai>d  endodwm  (e.g.,  in  the  enitn- 
m's  de\'cl«j>meni) ;  or  from  numerous  "mfsfiuAjmr" 
immigrant  cells,  which  are  sei>.nmtcd  from  the  wall*  of  the 
blaslub  Of  gastiula  (e.g.,  in  iho  development  of  ^hino- 
dcrutt) ;  or  as  crhmf  fn'uikei — outgrowth*  from  the  tmdo- 
denilk  lining  of  iIk-  gasirtila  cavity  (e.g.,  in  Ragilla,  tfahno- 
gfoitui,  Amphio-xni) ,  or  by  eombirution^  of  these  and  other 
of  origin.    The  ntcsodenn  lies  or  comes  to  lie  be- 
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tweeii  ectoderm  and  eiidoderm,  and  it  lines  the  body 
raviiy,  one  layer  of  nmodcnn  (|<aii«tal  or  srimatJc) 
(^iinginy  lo  tlii:  i-clodcmiic  cxtcnwl  wall,  ihe  other  (vi.ta^iitl 
or  Kfibiichnic)  cleaving  to  ihc  cndodcrmic  gut  and  its 
outgrowths. 

Origin  of  Orgims. — From  Ihc  outer  ectoderm  and  inner 
endudcrm,  those  orcans  arise  which  arc  consonant  with  Ihe 
position  of  these  two  la  yen,  thus  ner\'Dus  synietn  fium  the 
ectoderm,  digestive  gut  from  the  endodcnn.  The  middle 
layer,  which  begins  to  he  dcvcl<>|>e(l  in  "  worms,"  assumes 
some  of  the  function*,  f.x-,  contractility,  whicii  in  Sponges 
and  Coilentem  are  possessed  hy  ectoderm  and  endodcrm, 
the  only  two  layers  distinctly  represented  in  these 
clasics. 

In  a  baeklHincd  animal  Ihe  <Mnbr>-ulugiail  origin  of  the 
organs  is  as  follows  :— 
(rt)  Fmm  1>K  Edoderm  or  EfiiNasI  arise  the  epidermis 
and  epidernii<-  nutgrowths,  the  m-rv-ous  system,  the 
most  i-Hseniiat  |Kins  of  the  scnsv  organs,  infoldings 
at  either  ei>d  of  ihe  gut  (fore  gut  or  xtomatodnrun) 
and  hind  gut  o*  pructodanim),  and  ftrhaps  the 
segn>cnlal  or  priimry  esi-reiory  <Uict. 
(**)  /-Vinn  thf  Kott'xifrm  irr  HyP"t>l>Mt  arise  the  raid  gut 
(mescnteron)  and  the  founiUtions  of  its  oulgiowihs 
(/X-  ''"=  lungs  liver,  allanlois,  iVc,  kA  hi{;hLT  Vcrtc- 
hraics),  also  tltc  axial  rfid  or  noiochonl.  Arcordinfc 
to  Millie  atithoritic^,  the  hlood  and  the  vBw.-iil.ir 
■yKleiii  'if  Vertcliratex  is  in  tlw  nvain  endodermic  in 
(mjlin. 
(r)  Fr,'"!  the  hftioJtrm  iv  MtiMail  arise  all  other  stnic- 
;,  ■^,  ^..f„  dermis,  nmstk-s,  connective  iruine,  Ijony 
-"  irt(>«i.  tin-  liniii);  of  the  l>r>dy  c.ivity,  and  (Krhaps 
the  vail  iilar  ^yt>Il-nl,  Thin  tayiT  aid's  in  Ihc  romia- 
tion  of  i>rgan^  originated  l»y  the  other  iwa  Wllh  it 
the  reprodiiettve  organs  are  associated. 

Inr  <<i(;iilc  llivm,  U  kiu-  >if  ihe 

t      ;  I    '■ -■'■■    >--!■-     hrmU 

•■•Me. 

(  Ibc 

•  kfiiki*  Wm'  UEiiiiHicfni,  u»^  »i  i^<«  mtUifUJit^  MliKh  iihikn 
..ittm,  «ii>l  otui  'lu  llx  nimcruui  Uiial  lUcn  niv*n  } 


GEffEKAUSA  T/OJVS. 


69 


Gt'ifra/isati'>nf~~{\)  Tk*  OvHm  Thfry or  Ctll  The.try. — 
All  many  relied  animals,  produced  l>y  seitual  fi:|)io(Iu(;iiun, 
beKin  nl  (l)i;  b«^inriii));  .i^nio.  "Ttie  Mcliuoa  lM;gin  where 
tljc  i'fuliwo.i  kavc  off  "— a^i  Kinglc  tcUs.  Fcililisntiun  docs 
not  make  iIk-  c£^  tx-tl  double- ;  there  is  only  a  more  com- 
plex and  more  viial  nucleus  than  before.  All  dcvdojiment 
lakes  plac«  by  ilie  division  of  this  fertilised  e^  cell  and  its 
descendant  eells- 

(j)  T^  Gititnra  Thf«/j:—K%iiWO  layered  gASlnila  stage 
occurs  though  sfum-tiniw  disguised  by  the  presence  of  much 
yolk,  in  the  dcvelojiment  of  the  majority  of  anini.ils.  H-x-ckul 
concluded  that  it  represents  the  individual's  r^  jpitulaiion 
of  an  vineeUrnl  stage.      He  tielieves  tlui  ihc  simple*!  liable. 


l-'Vi.  14.— l^inljiy>M|On'Nr<l  ;  |2)ofiiua.     (After  Ills.) 
The  Inltcr  utoul  tviciit]r-tc<ni  <l*]rt  iiM. 

f^  Vdh  HC  :  f/.  pkooiia. 

many  eclli-d  animal,  was  like  a  ga^trutn,  and  tliit  hygin- 
llietical  anreKtiir  nf  all  Mvta^^M  ho  calls  a  giiitnt,i.  'J'hi.' 
gasirula  \\  on  this  view.  Ihv  individu.1l  .inimal's  recapitula- 
tion of  ihc  ancestral  gastrara.  Rival  sii(;n<^stions  have  been 
made :  |)eihaps  the  otigiiul  Meta/oa  were  lialK  of  cells  like 
fWrvMr,  with  a  central  vAsiiy  in  wliieh  reproduetive  cvllt 
lay  ;  peihapw  they  were  like  the  fianuia  lan-ic  of  s(>m« 
C'uk-fitefaicft  two  la>x:rcd,  externally  ciliated,  oval  forms 
without  a  motiih. 

(i)  7'Ar  /vi.7  0/  J{eiapilulaliHH.~\i  is  a  matter  of  cxijcri- 
cnec  Itiat  we  rcLajHiulaie  in  some  nK-asure  the  history  of 
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our  ancestors.  Emljn-ologiBts  have  made  ihb  fact  mort 
vivid,  by  showing  ih.it  ihu  individual  antm.il  <1i;vc^l4>[Ki  alor^ 
a  [Kilh  lliL'  iUliud!!  of  which  c<>nx;N|Kin<]  to  jiomc  extent  with 
the  slepM  of  aiHtsttiil  hi>lor)-. 


(l)  Th«  Mni|>1c)l  animaltilfr  tingle 

cells  (Piotoim). 
(al  The  ncxi  nmplc)>t  »t<  lull*  of 

(J)    Tbi-  noi  4i(Q|iloi  nfc    Iwii- 


(i)  The  line  slaue  of  dtrelopmcnt 

it    a    linslc    celt    (fbiititnl 

ovum ), 
|i)  Tlic   ncii   U  u  tull    of   cells 

(btasiulA  oi  moriilal. 
(J)  Hic  ncti  it  a  lux)  liiytteil  tac 

ofccll*(cuirula). 


Von  llaer,  oni;  of  the  pioneer  embryologistt,  acltnow- 
lccl^t.-<]  (hnt  with  neveral  wry  young  eiiibr)'os  of  highei 
Vertebrates  tiefon:  hiin,  he  Could  nol  tell  one  from  the 
Other.  Frogn-M  in  devdopment,  he  said,  was  f rom  a  [{eneral 
to  n  apecial  type.  In  \\%  earliest  slai^c.  every  ori;ant«m  hiu 
a  great  number  of  ehar.icier'i  in  common  with  other 
nr},itniMiu  in  their  eaihosl  Klnget> ;  at  each  xucertsive  stage 
tlu;  Nerurs  of  tniliryo^  which  it  rcvrmblw  is  narrowed.  'Pile 
ra1>l)it  liegirvs  like  a  i'rolo/oon  as  a  sin(;)e  cell,  after  a  while 
it  may  be  compiarcd  to  the  young  stage  of  a  very  umple 
vettcbralc.  afterwards  to  the  young  stage  of  a  ri-]>iile,  after- 
wards 1(1  the  young  stage  of  ahnoi>t  any  niainmul,  afterwards 
to  tile  young  titajce  of  almost  any  rodent,  eventually  it 
becoineK  unmixtakably  a  young  rabbit. 

HcrtKrrt  Si>enceT  ex|«cssc(i  the  same  idea,  by  sayit>g  that 
tlvc  progress  of  de^'clopinent  was  from  homogeneous  lo 
lH:tc(o>:<-neous,  throu};h  sie|R(  in  which  the  individual  lii^lory 
trail  laralk-t  tu  that  ik  tbc  rare.  Km  Hiurkel  lia.i  tlhiMtated 
tlio  )dea  more  vividly,  and  Kuinined  it  up  more  tersely  than 
any  nlhcr  nnluialisl.  Mis  "fundamental  biogenetic  law" 
reads,  "  ( hilogeny.  or  llie  dcvdopntcnl  of  llic  individual,  is  a 
ttiortencd  rei:a|HiuLkiion  of  phytogeny,  or  the  evolution  o( 
the  race." 

I(  is  hardly  iiocenary  lo  wiy  (hut  the  young  mammal  is 
never  like  a  worm,  or  a  fish,  or  a  rt^'ptile.  It  is  at  most  like 
Ihe  tmhryonit  stages  of  these,  and  it  may  also  be  noticed 
thai  af  our  kn<iwledge  is  bei:<nning  more  intimate,  the 
individual  |)e<ruliD(ltic«  of  difTeteni  embryos  arc  liecoming 
more  )^-idcnt,  ThM  Profii,»oT  Sedgwick  ha*  recently  said 
that  a   bhnd   man   could  <litilingiii«h  tl»c  carlf  stages  of 
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EbsmobtaiKh  and  Bird  embryos.     But  thin  need  not  l«td 
us  lo  deny  the  i^tHtraf  resemblance. 

Moreover,  the  individual  life  hixtory  is  much  shoncncd 
COm|Mircil  with  thni  of  the  race.  Not  merely  does  the  one 
Ukc  pbce  in  dayx,  while  the  other  has  progrcSMd  through 
ages>  bill  stages  arc  often  skipped,  and  &tvort  cuu  arc  dis- 
covered. And  again,  many  youn^  animals,  especially  th<ise 
"Urvie"  whi<h  are  vcrj"  unlike  their  parenli,  often  exhibit 
duRunen  which  are  secondary  adaptations  to  modex  of  life 
of  which  ihoir  arKettoni  had  prolwibly  no  experience.  In 
short,  the  individual's  rcuipiiulation  of  racial  history  is  gen- 
rml,  but  not  precises 

Bm  m  (lu  not  nnilnilaMi  bow  the  recaptuUlion  ii  mttiined.  Itu 
the  ptMDfilan*  of  the  emlirya  tome  aneomdoui  memory  of  the  pui  t 
Il>vc  iIm  nni<o|iUiBile  mtAaai)t»,  m  Ilmkel  pult  ii,  loincd  UinK  tlnce 
riiyuianic  ilanrc  nhlrh  they  fsnn-il  (i>r);r(  l    Arul.  in  Hhul  ritcnt 


nuM  (here  lir  tliailaiily  nfritrnuli^milili-nii  if  tlio  tm| iiliil.il ion,  'tli« 
imigntrtii  nf  tbc  iiliMiiliilra."  i*  In  lie  tuitaiticil?  Koraurefiil  tlalr- 
DMil  of  the  proMeni.  ihv  iluil«n[  would  do  wtll  l«  inul  the  Ule  Pro- 
(nKW  Miliars  MHthatl'a  Hrilltb  Aumclaiion  ttildiem  on  KKCAMTUtA- 
■nnM,  ai*  jHihliiAMl  ill  M»  coUeclul  p>|m«. 

(•*)  Orgame  Ciuttiitmty  trfivren  GeneralioHt.~~fUrtAity. 
^Everyone  ki>ow<i  that  like  tends  to  he^L-t  like,  that  off- 
>|trinK  resemble  tlKir  jiarentv,  and  sometimes  thi:ir  ancestoni 
(alaviKm).  Not  only  arc  the  gcnrrni  ch.-itnctcristus  tranv 
mittod,  but  minute  features,  idiosyncRtsics,  pathologic  .-it 
conditions,  innate  or  coogenii.it  in  the  parents,  may  be 
transmitted  to  the  vXh\mnf,. 

Many  atleinptk  have  l>een  made  to  cupbin  this,  hut  the 
first  nUKK^l''*"  *>lh  any  scientific  prtrien»i<>n»  was  that  the 
reproductive  cells,  which  nuy  bceome  olTsprin^  conpiiM  of 
sifflplei  oocumiilaicd  from  the  different  parts  of  the  body. 

TTiis  was  s  very  old  idea,  but  Herbert  Spencer  and 
CharlcN  Darwin  gaiy;  it  new  Ufc.  Accordint;  to  Darwin's 
**proviiiionat  byftothesis  of  jiaoKenesis,"  the  reproductive 
cdb  accumulate  Kemmule*  liberated  from  all  parts  of  the 
body.  In  development  these  gemmutc*  hi-Ip  to  give  rise  to 
parts  like  those  from  which  they  origin.ttcd.  This  hy]K>- 
theah  has  b«?en  repeatedly  modiftcd,  but,  except  in  the  gen- 
eral Mnsc  that  the  txidy  may  iiinuencc  its  reproductive  cell*, 
"  |Mn);cneNi«  "  is  disercdiied  by  most  biologists. 

The  idea  which  is  now  acceitted  with  general  favour  is, 
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Ihiil  ihc  rcpfoduciivt  cells,  which  giw  tisc  to  the  ofTtpring, 
arc  more  <u  \i^»  iJifcctly  continuous  with  those  which  gave 
rise  to  ilic  [Kircnt  This  idea,  suggested  by  Owen,  Hieckd, 
Kaul)er,  (ialEon,  J^igi^r,  lirookti,  NumIjciuiii.  a»()  c!i{)ccinlly 
emtitiasisctl  l>y  U'l-isniiiiin,  i^  fundamentally  imporiani. 

M  nn  oarly  st.ngc  in  tlie  dcvcloi>iii<:nt  of  ihc  embryo  the 
futun:  rcproducti^y.-  colls  of  ihc  organism  arc  distinguishable 
from  those  which  arc  forming  ihe  body.  These,  the  ?>oinatie 
cells,  (Icvcluji  ill  niaitifold  variety,  and,  as  division  of  labour 
in  L'itablKhcd,  they  lofte  their  likcncsit  to  the  l'L-ilili.''cd  ovum 
of  which  ihcy  arc  the  liencendant!!.  The  futtirv  reproductive 
(ells  on  the  olher  hnnd,  an:  not  iinplirated  in  the  formation 
of  the  "  body,"  but  icmaiiiiiig  virtually  unchanged,  continue 
the  protoplasmic  tradition  inialiered,  and  are  thus  al)le  to 
start  an  uffH{iriti{;  which  nil)  resemble  the  pare»i,  liceauxe  it 
H  made  of  the  same  protoplasmic  material,  and  dci-elops 
under  similar  conditions. 

A  fcTliliscd  egg  4'cll  with  ci-rtain  characters  («,  h,  e),  de- 
velops into  an  orgnnisni  in  which  lhe«v  characters  are  vari- 
ously cxjiressed  ;  but  if.  ai  an  early  stage,  cenain  ceils  are 
Ml  apart,  iciainin};  tlw  charaelers,  a,  fi,  t,  in  all  ibeir  etiliiety, 
then  uacli  of  these  cells  will  he  on  the  same  footing  ax  the 
origirval  fLililiM'd  eig:  c^^ll.  able  In  fjive  rixe  to  an  oiganism, 
alntoM  ncceK>anly  lo  a  similar  orKaninm. 

An  tarly  ii»ulaiM>n  of  r^.- productive  cells,  directly  con- 
tinuouH  and  therefore  [Mesmnably  idcniii-al  with  (he  oriional 
ovum,  luii  bceii  obsi-rved  tn  Ihc  development  of  some 
"wurm  typo"— (.V>rx///'J,  Tbrcadwofms,  I.eecltes,  I'olyxoa), 
.11  ■  !  -mc  Anhro|«Mls  (^^■..  .Vpina  among  Cnisiaccans, 
i  i.f  ani4>nii  IiiM-rtis  I'halanRidn.-  among  Sptder^),  in 

■ifut  anu)ng  Tektisloan  lishes,  and  with 
.<>me  other  aniin.ils. 

;  I  scs,  however,  the  reitrodu<;tive  cells  arc  not 

i,..  ritil   a    relatively   liite   St.iKe   in   ilevel<>]in>cnl, 

ilion  hai  rnaili-  ii>ii<>i(leral>le  profircKfi.  Wcis- 
r  thii  dili><  iilty  by  '>"p|io>ii>g  thai  the  *-w>- 
ii    .  liied  by  3i)m'ilic  ntKleiir  subslanee     thegerm- 

|>l...i.>  ■■'—  1  ti-Tnain»  unaltered  in  sjxte  nf  the  dilkrett- 
lintioft  10  Ihr  bwly,  Kut  il  r«  fN-iha|i!t  et)nu|{h  (o  say  that 
B«  ,ill  the  rclh  are  dcKcitdant*  of  the  fenih»ed  ovum,  ihe 
fvntifduvli^'D  1^1*  o'*>  those  which  retain  intact  Ihc  (lualiiiex 
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or  Ihul  rmilin.-(l  ovum,  ami  itut  thix  U  the  reuon  wli}-  the)' 
an-  ahJL-  lo  tki-dop  inio  offspring  hkc  ihv  parent. 

Fiiiattjr,  it  may  bt-  noticed  in  connection  with  heredity, 
ihar  ihuTu  19  gnsil  doubt  to  wfhat  cMont  ihc  "body"  ran 
(leltnilcly  inlluence  its  omi  tcprodtictive  ccU&  AnimnU 
acquuc  individual  lnKlily  peculiarities  in  ihe  courne  uf  their 
life,  .IS  the  ivsutt  of  what  they  do  or  rermiii  from  duin));,  or 
&s  tlinis  rrani  external  forces.  The  "  liody  "  is  thus  changeil, 
hut  there  is  much  doolH  whether  ihc  reproductive  cells 
within  lite  "  U'lly  "  are  affected  by  such  chAngca.  Wcis- 
tnann  cl«ni<^  tlie  tr^immtMihiltly  ai  any  cluracierR  «xcept 
lho«;  inherent  or  lungcmLiI  in  the  fertilise<l  cfg  celt,  and 
therefore  denies  thai  the  inlluences  of  fumiion  .md  tnviri»n- 
nient  are,  or  have  been,  of  any  inigKirlancv  in  the  evolution 
of  many  celled  :ininiaU.  Such  mfiuenccs  affect  the  itfjy, 
but  da  not  reach  it.*  reproductive  cells,  and  are  t)ier«(bre 
non  tranuniwilrle.  Many  of  the  mo«  amhoriiative  biolo- 
(psts  arc  8t  present  of  this  opinion.  On  the  other  hand, 
ntaity  still  maintain  that  profound  changes  due  to  fiindion 
or  environment  may  saturate  through  the  organism,  atvd  afltct 
the  rt;pri>dti<'iive  cell*,  and  thus  the  race.  The  whole 
quntton  remains  under  discussion. 


CHAl'TKR   V. 


PAST   HISTOHV  OF  ANIMALS, 
rAL.eo]>ix>Loav, 


In  llie  two  preceding  rhnplcrs  wc  have  noticed  two  of  the 
great  records  of  the  hislory  of  animal  life, — thai  preserved 
in  observable  slntciiitcs,  and  the  modilicd  recapitulation 
discernible  in  individual  development ;  in  this  we  turn  to 
the  third— the  geoloitical  T«:ord,  From  Morphology  many 
conclusions  as  to  the  course  of  evolution  have  been  drawn  ; 
the  study  of  form  must  indeed,  by  itself,  in  lime  have  led  to 
the  doctrine  of  evolution,— that  the  present  is  the  child  of 
the  pa&i.  In  the  early  days  of  the  evolution  ihcor}-  the 
modem  science  of  Embryology  was  still  in  ilK  infancy,  and 
could  furnish  few  nrgumenis,  and  it  wa^  the  opponents  of 
the  new  theory  rather  than  its  supportere  who  appealed  to 
I'alieontology.  I'hcy  asserted  that  the  pnla^oniological  facts 
refused  to  lend  the  j.upt)ori  which  the  theory  demanded. 
To  their  attack*  the  evolutioni«t!i  then  chiefly  itought  to 
reply  by  ]»>inling  out  thai  the  geological  record  wan  very 
incomplete.  The  numerous  investigations  which  have  since 
been  carried  on  on  all  sides,  now  show  conclusively  that  it 
was  imperfection  rather  of  kno»ledge  than  of  the  record 
which  produced  the  nt^tive  results.  We  must,  however, 
still  acknowledge  that,  except  in  n  relatively  few  easo,  little 
is  known  of  (he  anocslot^  of  living  animals,  and  seek  for 
reasons  to  explain  this. 

Rtatom  Jor  (/it  "  Imper/eeUm  t^  tht  O^o/ogifii/  HawrJ," 

If  wc  remember  the  rule  of  modern  (leoJoRy  that  the  past 
i>  to  be  interpreted  by  the  aid  of  the  present,  there  can  be 
no  dilKculty  in  realising  that  the  chance:^  ;^inst  the  [ire- 
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servation  of  any  giwn  aiiimal  are  very  great.  Many  arc 
destroyed  by  other  living  creatures,  or  obliterated  l>y 
chemical  imenciei.  V.\cv\A  in  ran:  instances,  only  liard  paits, 
»ut-h  a«  lMM>e«,  tetlti,  and  shclts.  .m-  likely  lo  be  preserved, 
and  lliis  at  once  greatly  limits  the  evidential  value  of  fossils. 
The  primitive  fgrms  of  life  would  almost  certainly  be  with- 
out hard  paru,  and  have  left  no  trace  behind  Iheni.  A 
number  of  extretnely  interesting  forms,  such  as  many  worms 
and  the  Aseidtans,  arc,  for  the  »ame  reason,  almost  iinre()re- 
•ented  in  the  rocks.  Kmally,  we  cannot  suppose  that  sin-h 
an  cxtemai  stntcture  as  a  shell  can  always  be  an  exact  index 
of  the  animal  f  ithin.  Some  shells,  &uch  as  Nautilus  and  some 
of  the  firach)0(KKb,  occur  ax  foiitts  from  remote  I'aIa»)2oic 
a^  onwards,  but  it  is  imiiotsible  la  believe  that  the  animal 
within  hait  ncwr  raried  during  this  period,  though  wc  cannot 
now  kam  cither  the  nature  or  the  amount  of  the  v.iriation. 

After  fossilisation  has  taken  place,  the  rock  with  its  con- 
tenis  may  be  entirely  deitiuyeii  l>y  subsequent  denudation, 
or  so  altered  by  melarnorphic  dian);es  that  all  trace  of  organic 
life  diMipiKant.  Of  these  fossiU  which  have  hern  pr<!»er%i.sl 
only  a  small  percenLige  are  available,  for  vast  areas  of  fossili- 
ferous  rocks  arc  covered  over  by  later  deposits,  or  now  lie 
below  the  sea  or  in  lands  which  have  not  yet  been  explored. 

With  all  these  causes  operating  against  the  likelihood  of 
preservation,  and  of  finding  (hose  forms  that  may  haw  been 
pTCW-Tved,  it  is  little  wonder  if  the  geological  record  is 
incomplete ;  but  such  as  it  is  it  is  in  general  agreement  with 
what  the  other  cxidcnce,  theoretical  and  actual,  leads  us  to 
ex]>eci  as  to  the  rebtive  age  of  the  great  ty|)es  of  animal 
life.  I'urther,  iho«c  specially  favourable  raKes  which  have 
bc*n  complclely  worked  out  have  yielded  rcsutts  which 
strongly  support  the  general  theory. 

Pn^aiUiliei  o/"/ossi/s  "  in  Iht  various  daises  tfammais. 
Dm  it  Hill  Ik  uwlitl  lu  iioiv  ihe  pnilMbilitidof*  ROoH  repMscoTUion 
of  ckthxl  (ncnii  in  ihc  laituut  cUtwi  of  aniniaU.  Thui^  amnnK  the 
I'iDUitua,  (lie  Iii/uwxia  hmr  n'>  vtiy  liniil  |aiU,  mil  hare  (licicroie 
almnti  no  chanri-  "f  ptt-gcivaiiiin,  anil  iliv  mmc  niay  Iw  ulil  r>(  Itimw 
hk«  Ainn-lxr  :  while  ihp  (''oraniinifrra  and  tlic  Hailiabia,  hating  \aaA 
Unidiua  uf  lime  of  lilira.  ha«c  l««n  wtll  pcticritfl.  The  Spuii|[«i  fti« 
will  TCI  I  '  '  '  '''■■''•  'pWuli-*  anil  iLtltl'jm.     Of  the  Citlenleratra, 

CXOtM  I  In  V(«mii  i>  (ii.ijilolilr.,  oiilj  (he  iifioui.  f,if  iiw  (if 

CtwMliutl  ... ,  ,^,:>ie»lily  ca)AUci)l  iifctrdxlun.nnij  tenuiinhuf  (hctc 
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>fc  ivry  ainiiiiliml  in  \\\t  rucks  of  manjr  innn;!  Ha*.  BuT.  *lmi|!*  ** 
il  oijj-  sn-m.  lome  Ijfamifiil  iciiiaiiii  of  jcUyfiih  haiv  Iwcn  ilwpoi'ctwl. 

Of  ihc  g'TOl  wiif*  of  -worms."  only  ihc  nihc  nialici\  hmr  Icfi  nctual 
remalliFi,  Ihc  nllii-rH  aic  kniyitn  only  liy  ilii-ir  tiitiki,  while  of  any  llinl 
mnjr  hilM  iivcil  hii  die  land  llitrc  Ik  ho  cviJciitc. 

The  Kcliinodennv  liecnuK  of  Ihcir  hatd  (uris  ur«  well  iviiicKntnl  io 
all  their  onlen  except  the  Holoiliurinnh  wlierc  Ihc  cnlcnrcuui  tinx'luici 
characIeriMic  of  ilic  clou  aie  al  n  minimum. 

The  CrutliicRL  W»%  iiin«ily  .iiiuniic,  unit  in  virtue  nT (heir  hanl  ikio. 
arc  fnulUicil  In  k'^'  ninnlicn. 

TIk-  Atiiclini^ln  ami  i)ic  hiBccIs,  '>wing  l(i  Iheif  nIi  IirMlhing  halill, 
aic  chiefly  tepKifnlciniy  chance  indiviilualj  ihni  have  liet'ii  dtowneil. 
ur  cncluted  wiihin  Uct  itumi*.  niiil  amber. 

The  MoHitid  an.l  Hrwhioiiotli  arc  pcrliap*  licller  pn-icrvetl  lh«ii  any 
fllher  aniiiMk.  i-lncr  nearly  all  of  ihem  nre  ihimcuciI  of  a  thcll  ipodally 
(uilalilc  fcif  |ue>ervBiiirii. 

AmunK  lliu  Vcitrlitxlcs  tnwt  n(  the  lowcM  urc  without  kiiUn  tcrtb, 
or  liony  Hicltton  :  luch  formi  have  Ihcrcfuiir  Icfl  almukl  no  IrAcct. 

Flihci,  which  are  iisiiilly  rurni-.hed  with  n  finn  outer  cnvcriog,  in 
with  X  bony  internal  fckek-lt.n.  or  with  Iwlh.  are  well  repretcnied. 

The  ^riuiilivc  j\niji(iil>uini.  wcrr  fuinithnl  with  an  eicakelelon  of  bony 
pUto,  anil  arc  fniily  niinieiou'^  at  fo-Ailh.  Tlir  Ikiiim  anil  leclh  nf  Ihc 
millers  haie  ttccii  fi>»jlii.cil.  though  inoie  tntvly.  Thoir  litini;  in  fmll 
water  have  left  fooiprinli  ni  iniccv 

The  Ireect  of  Rc|ili1ia  depend  ujion  the  haNis  of  (he  vnrioiii  ordcnc, 
those  livini;  In  water  Vicin);  oflenol  ]imtenT<l,  Imt  the  sltjtn|[e  dying 
Ke|ililri  lin>c  al«r>  left  many  ■.Meti-iw  Ijrliind  lllcni. 

Of  llic  Hir.U,  (he  Minglcw  ofH-B  arc  \«rA  rcprcMrnted.  anil  then  th(>»C 
that  lived  near  smi,  ettuarinL.  or  lakes. 

The  hisiory  of  Mammoli  is  tery  im)ierrecl,  for  mml  of  (hem  were 
tcneslrial-  Hut  the  discoveiici  uf  Marsh.  CoiK.  and  others  show  how 
much  may  lie  found  liy  uicfiit  snuch.  The  mjiiatic  Mammals  ate  filrly 
well  lifescrvcd. 

"  PalaonMpgml  Series." 

In  spile  of  the  imperrcciion  of  the  "geo1o([ical  record," 
in  spile  »r  the  coiiditiitn.s  uiifnvourabic  to  [lie  preservation 
or  many  kinds  i)f  nnitiuH,  it  is  somctimw  poKibli;  to  trace 
a  wholt  scries  of  extinct  forms  through  progressive  changes. 
'I"hu8  a  Serifs  of  fossilised  fresh  w.itcr  snails  {/"Ai  nor  fin)  has 
btren  worked  out:  the  cxtrtmi^*  are  very  different,  hut  ihe 
intermediate  forms  link  ihem  indiisolubly  by  a  marvellously 
gradual  scries  of  transition*.  The  *aine  fael  is  well  ilhis- 
trated  by  another  series  of  fresh  waler  snails  (Ai/udimt).  and 
not  less  strikingly  among  those  extinct  Ciililenshes  vhicli 
arc  known  as  j\mmonitcs.  and  have  perfectly  prescr\'cd 
shells.  Siinibily,  ihotigh  less  perfectly,  the  modern  croco- 
diles are  linked  by  many  intenncdiate  forms  to  iheir  exliiicL 
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ancmora.  Tor  it  is  im[)Msil)le  tiot  to  call  them  hy  thai  name, 
and  tlic  mtxliin  liotsc  to  it*  eniircly  difftTcm  progenitors. 
lt»  >hon,  *%  Viiow)cd|ti;  inc^c■a^e-^,  llic  evidence  from  Pal»- 
oniologjf  l)CCotnn  more  and  more  conijilirt*. 

In  a  general  way,  ii  is  true  that  the  simpk-r  animnli  ))rt-- 
ccdc  ihc  mo»t  complex  in  l)iMor>'  as  ibcy  do  in  stntetutal 
rank,  but  tite  fuct  that  all  ibe  i:teat  tnvcnebnilc  gnaiips  arc 
reprcKnied  in  the  \AAvsX  diKiinctly  Mratiried  and  fouilifcioas 
rocks —the  Cambrian  sj-sleni— shows  that  this  eorrcspon- 
dence  is  only  toughly  irue.  To  account  fi>r  lht«  «tf  must 
rL-memlicr  ihat  (he  whole  mass  of  the  oldest  lot'ks  known 
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¥m.  I  J.— (Imlual  iraiukWins  liolween  f\tluJiti*  Nfumayri  («) 
MHJ  nilnJltu  t/arwii  t/j.    (Frani  KM'mavk.) 

as  Artha-an  or  I'rirrjimlittan,  have  liem  m)  piofoundly 
altered  that,  as  a  nile.  only  masse*  of  marble  ami  curlvona' 
ceous  m-iicrial  are  left  to  iridicate  that  fornis  of  life  existed 
when  iheM;  ftH.'kt  were  bid  down.  ^^Itai  these  early  forms 
of  life  wi-re,  it  >eems  iiiiitussiblc  for  us  lo  fmd  out.  althnut^h 
recent  discoveries,  fur  itiManee, of  "annelid  irack;.''  in  rocks 
of  possible  I're-C'jmbrian  age  in  N.  W.  Scoibtid,  suggest 
tlial  jatieiit  investigation  may  yet  do  much  towards  the 
>ulvin|i  of  the  problem. 

Eximdhn  of  Animals. 

Romv  animals,  such  a^  some   of   the    lamp  shells  or 

ItraihioiiodN,  luve  persisted   from  almuat  tlie  uldet.i  a^ex 

till    iMiw,    and     mo«t    fouiliK-d    animals    have    modem 

re()(CM-iilatives    which    we    believe    to    lie     I  heir    actual 
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descendants.  That  a  spucivs  should  dixaiipCiir  need  not 
surprise  us,  if  wc  believe  in  Ihc  "transformatioii"  of  one 
species  into  another.  The  disappL-.irance  is  more  apj^arcnl 
than  teal,  the  ijieiirt  lives  on  in  iis  modified  dcisccndants, 
"dilTerent  jjK'cioi"  ihouj^ti  ihey  lie. 

Ilul,  on  the  other  hand,  there  are  not  a  few  fow.iI  animals 
which  have  become  wholly  extinct,  havinj;  apiiart;ntly  left  no 
diicct  descendants.  Such  arc  the  ancient  Tiilobitcs 
(perhaps  remotely  connected  with  our  king  crab),  their 
Bllies  ine  Rurypteiids,  two  clashes  of  Kchinodcrnis  (('ystoids 
ind  Bla«toids),  many  giant  Ke|)ti1e!i,  and  some  Mammals. 

It  is  almost  certain  that  there  ha.*  Ijccn  no  sudden 
extinction  of  any  animal  type.  There  is  no  e%idencc  of 
universal  cataclysm,  though  local  floods,  catthijuakeN,  and 
volcanic  eruptions  occurred  in  the  past,  as  Ihcy  do  still, 
with  di»iisirous  rcautts  to  fauna  and  flora.  In  many  cases, 
the  waning  away  of  an  order,  or  even  of  a  cbss  of  animals, 
may  be  associated  with  the  a[>|>earance  of  some  formidable 
new  competitors :  thus  Cuttleiish  would  tend  to  exterminate 
Trilobiie»,  ju»t  vn  man  is  rapidly  and  often  inexcusably 
annihilating  many  kindw  of  beoxts  and  birds.  Apart  from 
the  struggle  with  romiKtitors,  it  is  conceivable  that  some 
stereotyped  animals  wert-  tinablc  to  accommodate  themselves 
to  changes  in  their  surroundings,  and  also  that  some  fell 
victims  to  ihcir  own  constitutions,  becoming  too  large,  too 
sluggish,  too  calcareous,  in  short— too  extreme. 

lHuitrtitixHt  «f  Ike  Apftarantt  af  Animals  in  Time. 

i>uch  IiIiIm  »  itiiuc  given  liciv  tan  it|)l  In  Iw  niiilcndlnc,  in  llinl  ihcy 
cuiiTvy  llic  >iii|ir<wi(in  (FlHt  llic  |;iii>l  Ij'lvn  of  titnicluir  Imvc  .igiprarnl 
raddcnly.  ll  iniul  k'  noicl  llmi  aii)- nii|Kiri-iil  :tiini|<ln»»  in  nictvlf  due 
to  inoonl|ilcli-n(ii  n(  knoirtcili^-  ur  iiutcciitnc)'  orciprcHJon.  Tlic  tabh 
is  ■  acTt  lilt  or  0  TcH-  ImfKiriiinl  tibU'tical  evcnli.  but  one  muit  fully 
toditc  tbu  ihcy  sic  i»;il  iioklol  locU.  ihsl  ihc  nrucnl  la)'  liiildrn  in  ihv 
pMt  Uiil  has  ERUliiiill)'  ipown  oiil  nf  it.  Of  the  irlntnr  lrnc;lti  bf  ilic 
period!  nprcienteil  hrrc  wi:  knnw  alinoil  no(liiii|;.  ami  wc  ur  ilImi 
■Knoranl  of  chr  rii)ic«i  o^vk  in  whiL-h  lib  U'^o.n.  H»i  i)ic  urncial  t«tv,\\ 
W  elm.  Wi:  Hnil  ttal  m  Ihi'  tJamlitinn  toclci.  Inlore  Fi>lici  appcaml. 
Ihi'  ipeAl  Invcrltbialc  cl&nn  were  rcprcKiiit^l.  ibou[;h  u  yet  Inil 
(Mlily.  Ai  we  pou  upwards  ihcjr  inciciuc  in  nuitilvi  xiul  in  iliflcicnlia- 
linn.  Acjun.  I'lihei  picctilc  Am jihi Ilium.  .\iiif)liiM.in>i  air  1i>tl'>ilcally 
older  than  Krpiilo..  mil  many  \yfv^  at  Krr'il'^  nic  much  i>l'l(r  Ihsn 
Wti)*.     In  thon,  in  the  nwrM  ul  iliv  aj^n  lits  hu  licen  sionl)  c(c«pins 
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THE   IJOCTRIKK  0¥   DESCENT. 


Whkn  we  lUk,  OS  ue  are  bound  to  ask,  how  the  living  plants 
and  nninuls  that  «'c  know  have  conic  to  be  what  they  are — 
very  numerous,  very  clivcrw,  very  bcnuliful,  marvellous  in 
their  adaptations,  harmonious  in  thcii  parts  and  c|ualiiies, 
and  approximately  suble  from  generation  to  generation, — 
we  may  jioaaibly  receive  thnje  answers.  According  to  one, 
the  planti  and  animals  that  we  know  hare  always  been  as 
they  are  ;  but  this  is  at  once  contradicU-d  by  the  record  in 
the  rocks,  which  contain  the  remains  of  successive  sets  of 
plants  and  anintals  very  different  from  those  which  now  live 
upon  tlw  earth.  According  to  another,  each  successive 
Eaima  and  flora  was  destroyed  by  mundane  cataclysms,  to 
be  repliired  in  due  season  \yy  new  creations,  by  neu-  forms 
of  life  whi<:h  arose  after  a  fashion  of  which  the  human  mind 
can  form  no  conception.  Of  such  cataclysms  there  is  no 
evidence,  and  if  it  be  enough  to  postulate  one  creation,  wc 
need  r>ot  assume  a  dozen.  The  third  answer  is,  that  the 
present  is  the  child  of  the  past  in  all  things,  that  the  plants 
and  animaLt  now  existinj^  arose  by  a  natural  evolution  from 
simpler  pre-existing  forms  of  life,  these  from  t.till  simpler, 
nnd  so  on  Inck  to  a  simplicity  of  life  such  as  that  now 
represented  by  the  very  lowest  organisms. 

This  third  theory  is  really  an  old  one  :  it  is  merely  man's 
application  of  his  idea  of  human  history  to  the  world  around 
him.  It  was  maintained  with  much  concrctcncss  and 
power  by  Wulfun  <I749>,  by  Erasmus  Darwin  (1794*.  »"d 
by  t..aman;k  (i&oi).  Yet  in  spite  of  the  bitwurs  of  these 
thoughtful  naturalists  and  of  many  others,  the  general  idea 
of  the  natural  descent  of  organisms  from  simpler  ancestors, 
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was  not  rccetrcd  with  Tnvour  until  Dorrin,  \n  his  "  Ori^» 
or  Spcdcs  "  (1859),  made  it  current  inldleciual  coin.  By 
his  work  and  by  that  of  Spcnocr,  Wallncc,  Hxckel,  and 
many  others,  the  doctrine  of  descent,  the  general  fact  of 
evolution,  has  been  eslahltshed,  and  is  now  all  but  universally 
recognised. 

The  diief  arguments  which  Darwin  and  others  liave 
elaborated  In  xupport  of  the  doctrine  of  decent,  according 
to  which  organisms  have  been  naturally  e^•olved  frtrni  simpler 
forms  of  life,  may  be  ranked  under  thrc«  hcads~(ii)  siruc- 
tural,  (Ji)  physiological,  {s)  historioil. 


EViriENCES  OF   EVOLUTION. 

■ 

(0)  S/rth-luraL — There  arc  «ud  to  l»e  over  a  million  liv- 
ing animnl.t  of  diffctcnt  species.  These  s{)ecie4  are  linked 
together  by  vaiiclics,  which  make  stria  severance  often 
impossible  (Fig.  15);  ihcy  can  be  rationally  arranged  in 
genera,  orders,  families,  and  classes,  between  which  there  arc 
not  a  few  remarkable  coiinc<:tiri^  links;  thece  is  a  gradual 
increase  of  complexity  from  ihc  I'rotoma  upwards  alon^ 
various  lines  of  organisation ;  it  is  possible  to  rank  ibem 
all  on  a  hypotlietical  genealogical  tree  (Fig.  t).  A  little 
pmciical  ex[)crience  mjkcs  one  feel  that  the  facts  of  class- 
Ikaiion  favour  the  idea  of  common  descent. 

Throughout  vast  scries  of  animals,  we  find  in  different 

Sisc  essentially  the  same  parts,  twisted  into  most  di\-CTse 
nns  (or  different  uses,  but  yet  referable  10  the  same  funda- 
mental tvpc.  It  is  difficult  10  unden>(und  this  "adherence 
to  lyjje,'  this  "  homologj- "  of  organs,  excq)l  on  the  theory 
of  natural  relationship. 

There  arc  many  rudimentary  organs  in  animals,  espe- 
cially in  the  higher  animals,  which  remain  very  slightly 
dm'clopcd,  and  wliich  often  disappear  without  having  served 
any  apparent  purpusc.  Such  arc  the  "gill  sliis"  or  "viscera! 
cUtfls  "  in  Rtptiks,  Birds,  and  Mammals,  the  teeth  of  young 
whalebone  whales,  the  pineal  body  (a  ludimentary  eye)  in 
Vertebrates.  Only  on  titc  theory  that  they  arc  vest^es  of 
niclurcs  Yrtiith  were  of  use  in  ancestors  arc  these  rudimcnls 


» 
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intelligibtci     Tbcy  xk  rclks  of  past  hi&tor>-,  compaiabU;,  ns 
Darwin  said,  to  the  unpronounced  lettent  in  many  woixIk, 

(4)  Pkytiolojffea/. — Olnen'atioti  slioin  that  antmnls  arc  to 
some  extent  pUstic.  In  niilural  conditions  they  vary  in  the 
courxc  (if  :(ev(.Tat  geneniiionii  or  even  in  a  lifetime.  This 
ttcsjKx-ialty  the  case  if  one  section  of  a  specin  be  in  any 
way  isolated  from  the  rest,  or  if  ibc  animals  be  subji^cted 
in  the  course  of  their  wanderings  lo  novel  conditionv  of 
life.  Even  apon  from  markedly  cliaitged  circumstances, 
nM>reaTer,  animals  exhibit  variations  from  fceneniiion  to 
^neration. 

fhe  evidenoc  from  domestieated  animals  is  very  con- 
vincing, by  careful  inlerbrccding  of  varieties  which  pteascd 
his  fancy  or  suited  his  putpoMrs,  man  has  produced  numerous 
breeds  of  horses,  cattle,  sheep,  and  dogs,  which  arc  often 
disiingui&bcd  from  one  another  by  structural  dilTctence^ 
mocD  profound  than  those  which  separate  two  natural 
specie*.  In  great  measure,  however,  domestic  breeds  arc 
fertile  with  one  another,  while  difTcrent  species  rarely  are. 
llic  numerous  and  very  diverse  breeds  of  domestic  pigeons, 
which  arc  all  derived  from  ihc  rock  dove  {Co/umia  /wia), 
vividly  Illustrate  ih<i  jilasiicity  or  variability  of  organisms, 

It  sometinKs  happens  that  the  olTspring  of  an  animal 
rexemble  not  so  mtn:h  the  parent  as  some  other  form 
believed  or  known  to  be  ancestral.  Thus  a  blue  pij^eon  like 
the  anci.-slral  Of/mnfia  th-ia  ntay  be  hatched  in  the  dove  cot, 
a  foal  may  appear  with  icbra-likc  stripes,  and  in  limes  of 
famine  children  may  be  bom  wlio  arc  in  some  ways  ape-like. 
Such  atavisms  or  reversions  are  not  rcsdily  intelligible  except 
on  the  theory  of  descent. 

(f)  //if/ern'M/.-'Amonn  the  extinct  animals  disentombed 
from  the  rocks,  many  form  series  by  which  thooe  now 
cxbting  can  be  linked  back  to  simpler  ancestors.  'lltuK 
the  ancient  history  of  horses,  crocodiles,  and  cuttlefish  is 
known  with  a  degree  of  complet^ess  which  makes  it  almost 
certain  tiiat  the  simpler  extinct  forms  were  in  reality  the 
anccHors  of  those  which  now  live.  Moteovtr,  that  many 
connecting  tinb&  have  t>ecn  discm'ered  in  the  Tock»,  and  Ih:it 
the  lomber  animals  a |ipcar  gradually  in  successive  periods  nf 
the  earth'i  hi«ory,  arc  stror^  corroborations  of  tin;  theory. 

It  is  less  easy  to  state  in  a  few  words  how  the  facts  of 
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geognphirjil  dtttrihiition,  or  the  history  of  the  diRusion  of 
nnimals  From  centres  where  the  presumed  ancestral  forms 
arc  or  were  most  at  home,  favour  the  doclrine  of 
dcsecnt. 

Tlie  individual  life  history  of  an  animal —often  strangely 
circuitous  or  indirect- -is  intcrpretablc  .-«  a  modified  re- 
capitulation of  th«  probable  history  of  the  race.  The 
embryo  mammal  is  at  one  stage  somewhat  like  an  embry- 
onic fish,  at  another  like  an  embryonic  reptile  ;  oven  in 
details,  the  recapitulation,  if  such  we  may  term  it,  is  some- 
times iaithful. 

Such,  in  merest  outline,  i«  the  nature  of  the  e%'idenc(! 
whidi  leads  us  to  conclude  that  the  various  forms  of  life 
have  descended  or  have  been  evolved  from  simpler  ancestors, 
and  these  from  still  simpler,  and  so  on,  back  to  the  mist  of 
life's  beginnings. 

In  accepting  this  conclusion  naturalists  are  practically 
iinuiiimous ;  but  in  regard  to  tlie  manner  in  which  the 
modi lic.-it ion  of  species  or  the  general  ascent  of  life  has  been 
brought  about,  thea-  is  much  diRcrence  of  opinion.  The 
fact  of  evolution  is  admillvd  ;  debate  goes  on  with  regard 
10  the  factors  (st(  Chap.  XXX.). 


CHAPTER     VII. 


PKOTOZOA — THE    SIMPLEST    ANIMAL'*. 


Chi^ daSUti — {i)  Rkisap-idi ;  (r)  GregariniJa,  ar^rvzoa; 
(3)  /lAwM- 

Tlt»  ttudjf  of  Prolowa  i«  b  nHidy  of  Itrginniiigs.  For  while 
wc  know  nothing  directly  about  the  iR-Rinnings  of  animal  lift", 
tlic  ProiowM  givu  us  hints  of  the  oripin.il  rt'lative  siniplicity. 
Thejtttvc  remained,  almoM  all  of  then),  unit  inasscH  oflivin^ 
matter.  And,  in  virtue  or  their  «iinplidty,  ihcy  are  In  ftatnc 
mcoturc  exempt  from  natiirat  death,  which  ix  "  the  price  |»id 
for  a  body.'  Mureov-er,  in  their  variety  they  exhibit,  as  it 
trcrc,  a  natural  analysis  of  the  higher  animals,  which  arc 
built  up  of  many  diverse  cells, 

Okncral  Characteili.— 7V  Proto^a,  Ikt  simfltst  and 
motl  primilhv  tinim.ili,  are  uiualfy  rtry  tmall  unit  maue% 
of  tiring  matter  e>r  tingte  cells,  and  di^er  from  plants 
iH  thtir  nwy  oj  /tedi'ng.  Most  nf  them  fttd  on  small 
plants  or  otktr  Protowa,  or  an  dehris,  and  net  a  few 
art  pitraiitu.  Most  of  them  five  in  scitfer,  but  many  tan 
endure  dryness  for  some  time.  In  one  set  (Jihiiope>dt)  the 
It^'tng  motter  is  tt'itAoot  tmy  rind,  iindffotrt  out  in  more 
»v  leit  ehiingefnl  threads  and  loi^es,  fir  the  mffKments  oftekieh 
thf  animals  engulf  their  food  and  glide  along.  The  <4hert 
have  a  definite  rind,  whieh  in  a  large  nnmier  (fnfusorians) 
hears  motile  cilia  orfiagella,  but  in  a  minority  (Oregarints)  is 
srilhont  any  o/^v'ous  lotomotor  strueiures.  But  these  three 
states  may  oetur  in  the  life  of  one  form ;  in  fad,  eaeh  of  the 
three  great  elassa  is  marhed  fy  the  predominant,  and  n^t  by 
tht  exeluiiire  oeeurrtn/e  of  the  fihitoprd-Uke,  or  the  Infuserian- 
Ukt,or  tlu  Grtgarint-Hkx  fhtistof  cell  life.    Manyhmre  a  skeletal 


/nmtw»rk  ofUmt.fiint,  w  «Akr  mtakrial,  wkSe  vitMin  tht 
ftlitktn  is  It  sf«aAl  kermti  »r  miKitw,artitat  mmj  ht  intrnL 
Tkrrr  art  >aA»  iftier  /est  antttamt  ttrutttirts.  A  Pr»ttaa»m  ^ 
mmitifiia  ty  drndtrnj^  im/n  /wn  dmgkter  um'ts,  «r  imle  «  Ar^ 
immftr;  amd  Ar»  imJhiJmah  «fUm  umit*  iamf«rarify  orpir- 
manrmtfy,  i'«  tvmfwguth*,  vkiei  is  amaUgMis  ta  Uu  umten  of 
emm  /imJ  sftrmottKaint  im  Aig/irr  amima/s.  A  few  typtt, 
imittai  «f  rtm^iniitg  sm^  alh,J«rm  by  dmnam  «r  kitd^mg^ 
Umt  et^its,  (•itimg  a  sttf,  a§  if  tern,  Itmards  tkt  Jfttmm. 
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Amtria,  a  type  of  Rhinxiods,  especially  of  those  in  which 
[  the  outflowing  pracestes  oTfivir^  maaa  atv  blunt  and  linger- 
ilikcfl^bosa). 

OtiirifttMi. — Amria  /fwlmu  and  aome  other  species  are 

[found  no  itic  muddy  bottoms  of  ponds  ;  /I.  Urrie^ia  occurs 

I  in  damp  canh.     Sonic  arc  just  large  enough  to  be  seen  with 

I  Iftc  unaided  c>v.   The  diameter  is  often  about  ooe-hundredtb 

I  of  au  inch.     Earh  in  like  a  littte  sac  of  jelly,  and  glides  over 

turlice  o(  Uonc  and  pUni  by  jnotniding  tuidrctTBCting 

4ant  proceascs  or  pecudopodia.     As  tbcy  omix  the  shape 

'  '<:l»nges,  whence  the  old  (1755)  popular  name  of 

'  Proteus  aninulcule.'    Round  the  margin,  which  sometimes 

thown  an  apparent  nultal  Mtution.  the  cdl  uib9tai>ce  b  finaer 

rrr  than  il  is  in  the  interior,  which  ia  granubr  and 

>d.     According  to  I'rofeiKw    Kay   l^nkoier,  the 

■Dun  [>f  picudoiNulia  i<  due  [o  the  outAowtng  of  the 

■I  fluid  %utntanci-  at  places  where  the  Arm  outer  pellidc 

I  been  icmporanly  raptmvd.    In  the  centre  of  the  cdl  lie* 

I  tingle  nudms,  and  AmaUi  friitetft  lias  nuoicroua  nudci. 

'rite  fiHid  consisis  of  minute  AIkx,  oudi  as  diatoms,  or  of 

vrgcUlJe  rfWm.     Il   i»  surrounded  by  the  tinger-tjice  pro- 

iJOKa,  and  cnfulfcd  along  with  drojoi  of  water,  which  form 

food  racuole*  m  the  cell  «ulKitancc.     After  (he  digestible 

portk  of  the  food  have  liccn  alitorbed,  the  undigested  residue 

'    '  I  the  protoplaam.    One  or  more 

Ic  b)  the  cell  ■uUunoc.    They 
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hare  on  excretory  function,  and  «n'e  to  gel  rid  of  the  finer 
waste  [irodacU. 

Uft  Hiiinry. — In  Tavourable  nutritive  condilions  the 
An>a;ba  grows.  At  the  limii  of  growth  it  reproduce*  lijf 
dividing  ioto  two.  In  disadvantageous  condiiion.i,  sudi  ils 
droo^u,  it  may  beconx:  globular,  and  scctetin;:  a  cell  wall  or 
cyst,  lie  dormant  for  a  time.  With  tliu  reiurii  <>f  lavourable 
conditions  it  rcvircs,  and,  bursting  Trom  th«  c>-st  with 
rmewed  energy,  begins  anew  tiie  cell  cycle.  The  conjuga- 
tion of  two  Amoebee  has  been  ohsen-ed,  and  it  is  said  thai 


om 


Fw.  l6.— life  hiiiotjr  of  Amncto. 

I.  a.  Hwlnu.  r.p.  <«iiiMic(ik  vvmolt. 

).  Catinuaisn. 

fc  ExilNWoinitlai  rmn  Iui]rM. 

5{>orc  fornuiion  occasionally  occtm;   of  these   processes, 
however,  little  \a  certainly  known. 

Sff'M,i  7\yv— Grkgarina. 

Gnpt""",  a  type  of  those  <^Tejpirinida  or  Sporo/.oa  In 
which  the  ecll  is  divided  into  two  regions  by  a  [Kirtition. 

Ott<-riflion. — Various  uieciCK  occur  in  lh<r  inte%line  of  the 
l'>1>s(cr,  cockroach,  .ind  other  Arthropod?-  When  yoiin^  ihc)- 
an;  intracellular  piarssitt^s,  bui  later  they  Iwcome  free  tn  the 
gut.  They  feed  by  absorbing  diffusible  food  bluffs,  such  as 
peptones  sod  carbohydrates,  from  their  hosts,  and  store  up 
glycogen  within  themsetves.  The  maximum  size  is  about 
one-tvnih  of  an  inch.  There  is  a  fttm  cuticle  of  "  proto- 
elaktin,"  whkh  grows  inwards  .so  as  to  divide  the  cell  into  a 
hfscf  nucleated  posterior  region  and  a  smaller  anterior  rc^on, 
sod  okM^  in  the  young  suge,  fonns  i  kdaII  anterior  cap.     The 
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cell  substance  is  divided  into  a  (inner  corticftl  la^  and  l 
more  Ruid  ocntinl  substanre.  '['he  protoplasin  often  presents 
a  delicate  fibrillar  appearance,  suggesting  ihnt  of  sniatcd 
niuacle.  The  nucleus  is  very  distinct,  bul  ihcre  arc  no 
TScuoles.  We  may  associate  the  absence  of  locomolor  |>ro- 
cesses,  "nioutli,"  and  contractile  vacuoles,  as  well  as  the 
thickness  of  tht;  cuticle  and  the  general  passivity,  with  the 
parasitic  habit  of  the  Orcgarines.  It  is  not  clearly  under- 
stood how  these  and  other  intestinal  ]iaraisilcs  haw  liecomc 
habiiuatcd  to  resist  the  action  of  digestive  juices. 

Lift  History. — The  young  Grcgarinc  is  parasitic  in  one  of 
the  biting  cells  of  the  gut;  it  grows,  and  leaving 
the  ceil,  reinains  fur  a  time  still  attached  to  it 
by  the  cap  (Fig.  i?;  a.  yg.) ;  later  this  is  csst  olT, 
and  the  individual   l>eci>me>  free  in  the  gut, 
while  still  increasing  in  aue.     Two  individuals 
often  attach  themselves  together  end  to  end.  but 
the  meaning  of  this  is  obscure.     Encystation 
occurs,  involving  a  single  unit  or  two  together, 
and  from  the  divi.tion  of  the  encysted  cell  or 
cclb  spores  are  formed.     All  the  proiopln.sm 
b  not  atwa)-s  used  u|>  in  forming  the  spores,  but 
a  residue  may  remain,  which  forms  a  network 
of  threads  supporting  the  spores.     TTie  cyst  is 
sometimes  (as  in  G.  NtUlamm)  complex,  nilb 
"  ducts  "  serving  for  the  exit  of  the  spores,  each 
of  which  is  surrounded  by  a  firm  case.    Eventu- 
ally   the    cyst    bursLs,    the    .ipore    cases    are 
liberated,  and  frtmi  within  each  of  these  the 
single  spore  emerges  to    Income    a    <x:llu!ar        .^, 
parasite.    'I1ic  spore  of  G.  gignnfta  is  at  first 
non-nucleated ;  it  gives  olT  tn-o  processes,  one   aid-io'ciid 
of  which    becomes    detached,   vibratile,    and     union  of 
nucleated,  while  the  other  seems  to  come  to  Ctvnrmts. 
nothing  (Fig.  i8,//*).    The  adult  of  this  sjwcies      IAft« 
is  BOtnetimes  three-ctuarters  of  an  inch  in  length    "*'•*»'"' 
— enormous  for  a  Proto/oon, 

TibW  TV/tf— MoNotvsns. 

Mono^stis. — A  type  of  those  Grcgarlnida,  or  Sporoxoo,  in 
which  the  cell  is  not  divided  into  two  pans  by  a  partition. 
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DeuriftifH. — Two  xpecin  (Af.  agi/i'i  and  A/,  magna)  jn- 
fcM  ihc  tnnlc  icprcxikiclivu  organs  of  the  earthworm  so  con- 
Etant)>'  that  we  arc  almost  almiys  sure  of  finding  tl>ein. 
The  full  grown  adulm  art-  «aiMe  to  the  naked  ej-e.  They 
are  usually  cyliitdrical,  and  rre<|uenily  much  elongated,  cell*, 
but  the  »hape  ahen  considerably  diinnii^  the  sitiggttii 
movcmcnU.  There  a  »■  dcfinilc  contraciile  rind,  whicii 
fa    sonwtimec     fibrtlhlvd.    and     a    central     more     fluid 


Plo.  ]&— Life  Ulrtoij  «f  GtcgariiM.    (Adcr  Itltrseiiu.) 

«^  YMii4bnH«HiKli«C«<>iinl«ulwl<clU 

miTMttt  viih  dwMuaw  hand  ap  *ihl  ■  niiicabt  pHlituii  diikl- 

|H(  tM  t(l«  Its. 
M*.  T*e  rofiBa  ain)i«iilliic  (C  Mi/MnnwlL 
I/./.  fiuH*  (oraalioi. 

ft,  Sytn  g(  C.  t^fum.  wt'l'  ''"tf  vllmlUi  pul  vllkh  bnnfai  off 

HitHUOce,  in  whtcli  the  large  nucleus  floats.  In  one 
fpccies  tht-rc  is  an  anterior  projection  which  icseinble*  the 
cap  of  6'r<(a/rt«a,  ocherwi.ie  unrc|irc*ented  in  Monixystit. 
M  ia  Ongarinot  and  tnany  parasitic  forms,  a  contntctile 


of  this  is  Dot  qtritc 

L)^  Hittaty. — The  yomg  Sana  is  ponsitic  within  one  of 
it>e  icprodoctive  cdb  of  Ae  eanfaworm.  It  gnnra,  and 
b«ccinei  free  from  the  ceB.  In  the  free  ttage,  two  indi- 
ndmk  imj  unite  in  the  carioot  cod-to-cnd  manner 
obwnpod  alK>  io  Grtforimm.  Enn^taiion  occun,  inrotving 
either  a  bo^  immdnd  or  tnj  together.  Within  the 
rounded  qnt,  ordeiijr  nockar  dirision  results  in  the  fonna- 
tioo  of  spore  fenning  masses.  Then:  Ibrm  elliptical  spore 
cases:,  or  *'  paeudooaviceQc"  endoscd  in  a  firm  xhcatli,  and 
each  spore  case  Mcna  to  contain  sc%-enl,  unially  vight, 
ipores,  tjring  around  a  residual  core.  The  spores  arc  coo- 
xidcrabljr  larger  than  tbcec  of  Gngariiia,  Eveotually  the 
C)-si  bursts,  the  spore  eases  are  extruded,  the  spores  emerge 
from  their  firm  chitinoid  cases.    The  young  spore  is  more 


Flo.  I9b— Ub  UKoty  of  Manoc]Mb.    lAftcr  Bv^iiciiu.t 

»  fniilifliw  «f  iiTC  Ci«a»itMi  vfiUn  a  on. 


J.  Na 


<fMqJ»imtwll»l  whhlit  >  <t«. 


•-  A  •fnctcu*  mik  oibi  >pefn  (qL)  awl  ■  raidal  «gR  (ft-i. 

nciive  than  ihe  adult ;  indeed,  in  some  Uregarincs,  it  ts  for 
a  l^ricf  |>cnod  Ita^ullaic  then  amcchoid,  then  like  ihc 
sluggish  adult.  Intracellular  narasilism  and  copious  food 
naturally  act  as  checks  to  activity. 

'I*he  species  of  Monixytiis  occur  chit-fly  in  "  Worms  "  and 
Tunicatcs;  none  arc  known  in  Arthropods,  MuIIusck,  or 
VerlebrateSL 


Imrlh  ?>/f— pAR.\M<i;cilfM. 


Infii$orian3,    especially    of 
cm'CTcd    with    short    cilia 


P<ir,tm-r^iHm.^.\     type    of 
iIk)«4-    whii:h    arc    (iniformly 
(llolotriclu). 

lytariftitvi. — Specimens  of  Pttramadum  may  be  readily 
ind  nliumluiXly  ohuined,  by  leaving  fragments  of  hay  to 
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soak  Tor  s  few  days  in  a  glass  of  water.  A  few  Infusorians 
hjv€  been  lyinj;  doimani  about  the  pbnl ;  they  rc\-ivc  and 
tnuUipty  wirh  extraordinary  rapidity.  They  are  abundant  in 
most  stagnant  |>doIk,  and  are  juki  visible  when  a  toil  tube 
contninii^  ihein  n  held  t)elween  (he  e>*c  and  the  light. 
Their  food  conEist.i  of  small  vegetable  pnrlielcs. 

The  form  is  a  long  ov.il,  the  outer  portion  of  the  cell 
substance  is  diffcienliatcd  to  fotni  a  definite  rind.  With 
this  we  roay  associate  the  faa  tliat  iliere  is  now  a  definite 
opening,  the  so-ealtcd  mouth,  whirh  .ti^r^-es  for  the  ingestion 


cor> 


Yw.  K>.—fi*r»aiinitim.   {i\S\<f  ltilrM::iu). 


J,v.    t 


ii'Tviii((ilu."nKiaili."oaniB<iili  ncuo1«^K«. 

'»tiMl. 


of  food  pani<:lfiH.  The  Mirface  i»  uniformly  covered  with 
cilia,  arranged  in  regubr  longitudinal  row»;  these  serve 
t)oth  for  locomotion  and  for  driving  food  particles  towards 
the  mouth.  Among  the  cilia  on  the  coricx  [bcic  are  small 
cavities,  in  which  lie  fine  proirusible  threads  ("trichocyats"). 
llwiw,  tlwugh  parti  of  a  cell,  tugged  the  thread  cell.i  or 
Ccclenteni,  and  iire  prolMi>ly  of  the  nature  of  wcafwns. 
In  the  fluhstance  of  the  eell  lie  two  nuclei,  the  smaller 
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"micromiclcus"  lying  l>y  the  side  of  lh«  larger  "macro- 
nucleus."  Food  vacuoles  occur  as  in  the  Amafia.  There 
3K  two  contractile  vacuoles,  from  which  fine  canals  radiaie 


PlO.  ai. — C'lnjiignli'in  of  /li'>»«Mifc«i  aurtlia — four 
ilagn.     (After  MAtirAS.) 

>.  Shn»  nuKTwiucliut  (.V),  uid  l<rD  nkranucUita)  is  oKh  of 

t-  Sh^jvh  E"'jVImie  up  of  ifwciviiuclrv*.  uid   miililpllCAdiHi  «f 

)-  Sl\'nrm   ihi<    (fil^i^ilan   In    |«oftta;    th*   nwcronucltQi  k 

4,  Shuvi  *  •inftc  trmiliwl)  nkKniiKkut  la  uih  ccnjusu*. 

into  the  surrounding  protoplasm  ;  these  cliscliargc  into  the 
vacuole,  which  then  Itursts  to  the  exterior, 

U/<  M(A'0'.--(irowih  i»  Tollowcd  by  oblitjiicly  transverse 
division  into  two  (I-'ig  20,  dw.).  One-lulf  includes  the 
"mouth,"  the  other  has  to  make  one.  As  urcll  ai  ihi> 
simple  rmion,  a  process  o(  transient  conjugation  also  occurs. 

Fin.  33.— Db^^mtiMlIc  «xpi«eJon  of  proon 
of  c«n}ii|;alioti  in  /\tfiim.ttiHm  auttUa.  (AE^ 
Mad  >■  AS.  I 

A.  TIh  tn  MlenaMM  mlVf*. 

Klahi  ••tewM.Iri  nnh. 
.  S*n>  itfiBMvr;  gH  (4*riEHnl)  •IhUn  inla  im. 
.  *m  HMRhMti  ■»  liHiaiiMnin.  mM  Ik*  oi'tlBfiiia> 


•!«. 


idm  ilnUn  Ima <• 


twglrH  M  itliUi,  (hi  iBtCTMHln* 


itCiii^  Ifiu  ivi>.  ««K  of  wki^ 
tC*  llw  Mhirt  <i>m   lb*   tw   Hanal 
livU~  i*|a*nu  tott  ImUHdiidi.  wh 

1M  I^PD  VICnOKPM. 


Kiab  approach  one  another  clo&ely,  the  two 
]i  hreak  Up,  an  exchange  of  pieces  of  the  mkro 
nuckiii  t.iktii  pbcv  1  the  two  then  scjiaiaic,  each  lo 
unitt  itH  two  nuclei.  This  proccM  ii  necewnry  (or  ih 
continued  hatllh  of  the  ipedo. 


VOUTICBLLA. 


« 


Ttic  ddtib  of  Ihe  conjunting  (itocoi  )u««  be«n  w<i(kc<]  out  with 
ip«ai  Qtre  by  Muipu  ind  Mam.  TTiuy  dillrr  iJightly  in  different 
yiccin  1  wIku  occnn  tn  P.  amrtHa  h  MunmAritcil  (li*era.nimilically  in 
Fittt. 

TIm  minnniiclwr  elcmoati  ar«  npfncniFil  l:^  (wo  minine  bodies 

^c«apacHMnbeEia^lbescic|iaraleiricmKli-afiDiu  ihc  nMCtonudnu. 

c   Rucionackai  dcgcncratc>,  uid  oich   micmauctcuL  InciroHO  In 

:  (A).     Eadi  dlrida  lolo  Iiio(B) ;  noolho  iliviunn  r.uK^•  ihcir  num- 

:  U> «% hi  1C)  i  MTEO  of  (htM  term  to  be  ahbvlicil  inil  ili«i|]pnr,  Ihe 

'  ;Mh  dlvUn  agiin  inlo  whal  may  bt  csllfd  tbe  male  ftnd 

OU  |D)i  ro(  luuloal  ftnilimion  now  oocun  (EK    Aftw 

thi*  ecdiaage  hM  been  aocompKriied,  ihe  InAuoriont  »ep*i«ie,  and , 

noelMf  KooiMnictioM  bepiM.    The  feniliied  micforniicleiu  dtvidet  tola  ' 

iwo  IF),  mkI  each  liaU  luvldn  ii|;ain  (('•).  «>  thni  Ihctc  Bfe  Utat  in  each 

Ctll.     T«o  of  their  foiiu  ihc  macronucLei  of  tbe  ivio  ilaughtcf  edit 

'  Into  whkb  the  InAiwrian  pnicndv  Ici  lUviile  III) ;  ihc  otbet  l«a  form 

I  ibe  nlcraoBcki  biu  before  anottit*   ilivition  occurs  each  ha*  atjaio 

-  ilMded.     Thiu  (Mh  daughter-cell  coolaioa  a  macronucleut  and  two 

mictoBuctei. 


/i/M  Type — VoxTiCKiJj^. 

VartktUa.  or  die  bell  animalcule,  is  a  lype  or  those  ciliated 
Infusonona  in  which  the  dlia  are  rcrsuicted  to  a  region 
'rotind  the  mouth  ( I'eritTiGha)^ 

(iTOUpti  of  Vvrtisflla,  or  of  the  com^iound  form  Carihesium, 
|,grow  on  the  sleins  of  fresh  water  {ilants,  and  foinetiniin  are 
rexdily  visihlc  lo  the  unaided  eye  as  while  fringes.  In 
yprtifti/a  each  individual  suggests  an  inverted  bell  with  a. 
long  flexible  handle.  The  base  of  the  stalk  is  moored  lo 
the  water  weed,  the  bell  swinffs  in  the  water,  now  jerking 
out  to  the  full  len];th  of  its  tether,  and  again  cowering  down 
with  tbe  sulk  cofitraeted  into  a  close  and  delicate  spiral. 
In  CatfAeuum  the  italk  ix  branched,  and  each  branch 
tcriniitutcs  in  a  \k\\.  Up  the  (talk  there  tuns,  in  a  slightly 
tKKvy  curve,  a  contractile  filament,  which,  in  shortening, 
gives  the  non-oontractilc  sheath  a  spiral  form.  This  con- 
tractile fibnicnl,  under  a  high  power,  may  exhibit  a  linostria- 
tioa.  (A  Kimitar  striated  »Uuclurc  is  seen  in  some  Amo:bK, 
(•rcfuirines,  s])ermnt»ioa,  dc,  and  above  all,  in  striped 
muscle  fibrei.  It  seems  to  lie  some  situclural  adaptation 
to  contractility.)  The  bell  has  a  thickened  margin,  and 
within  this  lies  a  disc-Like  lid;  in  a  dcprcaion  on  the  left 
•  ■.1.-.  between  the  mar^n  and  the  disc,  there  is  an  opening, 
(t>c  mouth,  which  leads  by  a  distiiKt  ]>a$sage  into  tlie  cell. 
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On  (he  side  of  this  passage  there  \%  a  weak  s|)oi,  ilie 
()Oteniial  anu»,  by  which  useless  debris  is  imssed  out.  'Hie 
cilia  are  so  nrmiiged  an  to  wafi  food  panicles  into  the  mouth 
and  down  the  pii^Ktogc  'I'heic  is  a  large  and  horse- 
shoe shaped  macro  nucleus,  and  a  small  micro  nucleus. 
I-'ood  vacuoles  and  contractile  vacuoles  are  present  as 
usiiaL 
Sometimes  a  Vorticella  bell  jcrlcs  itself  ofl*  its  sialic  and 


Fia.  Jj.— Viuticella.     (After  RUTscill.l.) 
1.  ^inifiuK,      N,  Mkcranucltui :   ■.  inicroDutku-  C  V,  «0B- 

I.   Kmivi.I  iFiilivWual.     t-  llliWon. 

t.  Sl|urUi»llOl'*fm>«llllluini:  Ullll— ihf  KHlUvT*  dltllioD. 

Cuiiiii(ji>a>armlci«BiU(i*/)  vlih  hm  of  nom*!  iIh. 


I- 


swims  about ;  in  other  conditions  it  may  form  a  temporary 
c)in ;  normally,  the  cilia  ate  vciy  active,  and  the  tnoventcnts 
of  the  stalk  freciuent  and  rapid.     Multiplication  RUiy  take 


yOLt'OX. 
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place  by  longitudinal  fission — a  bell  divide*  into  similar 
halves,  one  of  thotc  actitiin-s  a  lM.'«al  diclcl  of  cilia  and 
goes  free,  ultimatdy  becoming  fixed.  Or  the  division  may 
be  uncftual,  and  oac,  or  as  many  as  eight,  microKOoids  may  be 
set  Crec.  These  swim  away  by  means  of  tlie  posterior  girdle 
of  cilia,  and  each  may  conjugate  with  an  individual  of  normal 
tiiie.  in  ihts  case  a  small  active  cell  (tike  a  spcrmatoxoon) 
fuses  intimately  wiih  a  larger  passive  celt,  which  may  be 
compared  to  an  ovum.  The  dcUils  of  the  process  of 
fertilisation  arc  analogous  to  those  described  in  Punimadum. 
It  is  said  that  in  some  cases  an  e»C)-sted  Vonicclla  breaks 
up  into  a  numl>cr  of  minute  s]Wires,  but  this  is  doubtful. 


Sixth  7)/f— VoLvox. 


yahvx  is  a  type  of  ftagellate  Infuxorians,  esjiecialty  of 
those  with  flagella  of  njual  Mxe. 

ybivox  is  found,  not  very  commonly,  in  fresh  water  pools, 
and  is  usually  cfaused  by  botanists  asa  gtccn  Alga,  li  consists 
of  mimerous  bifltgdtaie  individuals,  connect)^  by  fine  pro- 
loplaamk  bridges,  and  c:nibe<ldecl  in  a  gelatinous  matrix, 
"*"  >m  which  their  llagella  project,  the  whole  forming  a  hollow, 
rical.  actively  motile  colony.  In  f.  glolmtur  the  average 
imbcr  of  individuals  is  about  to,ooo ;  in  V.  aureus  or 
mitutr,  500-1000.  The  individual  celts  arc  sicllaic  ot 
joid  in  y.  x/ofiaUr,  more  spherical  in  K  aureut ;  each 
alains  a  nucleus  and  a  contractile  vacuole.  At  the 
lienor  hyaline  end,  wher^'  (he  flogella  are  in.tcried,  there 
u  a  pigment  »|k>1  ;  die  tcfX  of  the  edi  is  green,  owing  to  the 
ence  of  chlorophyll  corpuscles.  In  con^iiiucncc  of  the 
nee  of  these,  yohvx  is  kolophytk,  i.t-,  it  feeds  as  a  plant 
(Iocs. 

In  its  method  of  reproduction  Voivox  is  of  much  biological 
inicrcnt  and  iinpottance.    As  Klein,  one  of  its  best  describers, 
it  ii  xn  e^Htome  of  the  evolution  of  sex.    Some  of  tlic 
i>Mi>c*  are  aae:iual.     In  these  a  limited  number  of  cells 
sMsa  the  ix>i>'ei  of  dividit)g  up  to  form  little  clutters  of 
lis,  these  clusters  escape  from  the  envelope  of  the  parent 
itony,  and  form  new  free  swimming  colonics.     In  other 
lloaics  there  are  special  rcptoductive  cells,  which  may  Ik: 
I  uva  and  sperinatoroa. 
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In  t-'./tMater  ihe  (wo  kind*  of  lejinialucliTe  nUt  ue  iiMMUjr  tormcd 
In  ihc  ainic  colon)',  ihc  ipemutlcuoa  KDeniUy  Un\.  TccbnioMy.  Vttt 
oulony  ill  usvinlly  a  |)riiuin<lKiut  lieRn&iiIirucmc. 

Ill  r.  aKreiit  Ihc  culony  in  oftcnrat  unitoiual  or  dki-doas,  t-r.,  dihcr 
mole  or  iumate.  But  it  may  \k  munnciotu  <v  tietmifAroiliM,  and  tbtti 
([ciicnillv  proioKynoui,  i>..  prcMtudn^  eggs  lint. 

Wluthcf  In  a  hcnnaphcodite  or  in  a  unucmal  colonjr.  liw  lex  <«0a 
appcM  aiDong  llic  oidlnary  ngeUillvc  units :  the  ova  are  (Hidncniifaable 


FlO.  a4.-~VolvDx  gloLalor.     (AlWr  COHK.) 
m.  Ball*  of  jqjmu ;  #.  iimulim  vn ;  #-  ripe  ova, 

by  llidc  lafign  tii/c  the  "tiicrni  rnutlin  osll*  "  divlJe  npiiUy  »iil  luitn 
mincmm  (Jl-ioo  or  mort)  tknilcr  t|>tniutOMa,  each  Milh  mo  cilia. 
In  P  jMnWr  Ihrii  Iniiiilln  majrtitoik  ti|>  within  the  paiwnl  colony;  or, 
u  alanyi  in  J'  jiirfiu,  ihcy  may  cicap«  uitKt,  and  iwim  about  in  the 
wolcr.  In  any  cue.  the  ovum  is  (cttilitcd  by  a  ipernuUotoon,  and.  aAcf 
a  IKriod  of  cncyiiatioii  uiJ  ml,  Kfrmenii  to  form  a  new  coUmy. 
Oeouioniilly,  howcrei,  this  orcanitm,  *o  rcnuirluililc  a  conclcntaltun  of 
rcnroductit-e  )iowibllillM.  exhlMis  a  FafttMncainMicdevcJupinFnl  of  ova. 
llcrr  ihcn  ««  hatv  nti  organ itm,  on  the  wcdct  line  tirton-ii  plaM 
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and  ■nioial  lltr,  j>il  acmu  liic  tine  which  M|Mnt«  Ihe  uaiocllukr  from 
(he  niiilticdlBlsr,  aiwaimioe  Ihe  bc^nnine  of  that  impututnl  dUtinc- 
t»j(i  lictHoen  (MUd/n  of  bodjr  odU  Mid  rrfridaitirt  cclli,  uid  occurilii]; 
in  uciuat,  bmnaplundite.  •nd  anbexual  pJiuct.  Klein  rceordi  no  lew 
tltta  14  itUTcnnit  foraw  of  V.  annm  fioiu  ilir  {nitoljr  vc);olatiT«  nnd 
■mxuaI  Iu  (be  [anh(ni>(>eiicli&  fm  Ihrrc  nuy  l«  MlmuM  entitply  nule 
witoilw.  alniMi  caiiretjr  TenMli  colonic*,  idiI  other  intcmtins  innii- 
tkmtl  tMftb  Klein  bu  abo  KMoevded  lo  some  extent  in  ihowiins 
iImi  ibc  occantnce  of  Ihe  various  repfodttctiTc  tjjie*  dcjicTiik  on  ouliide 
InlfaieDoek 

CeMtrai  C/atsi/SattioH  of  Proloioa. 

SitK«  the  l'rot<j/(M  are  unicvllutar  organisms  (cxccpi 
the  few  which  form  loose  coloniL-s),  tht-ir  cla&iificacion 
should  be  harmonious  with  that  of  the  cells  in  a  higher 
animal.  This  is  so.  Thtts  (a)  the  Rhuopods,  in  which 
the  livinj^  matter  Hows  out  in  dian};eful  threotlx  or 
"  [uewjopodia,''  as  in  the  coinmon  Amaha^  arc  compnT- 
ahlc  with  the  white  hluod  corpuscles  or  leucocytes,  mnny 
yoang  ova,  and  other  "dMurAwV"  cells  of  higher  animals; 
(A)  the  Infusoriaiu  whieh  have  a  definite  Hnd  xnd  bear 
motile  lashus  (cilia  or  flagella),  €.g.^  the  common  Paramaaum, 
tnajr  be  likened  to  the  cells  ot  filiattJ  epithelium,  or  to  the 
active  spennat<uoa  of  higher  animals;  (1-)  the  parasitic 
Gr«arines  which  have  a  rind  and  no  n>otile  processes  or 
aiitflowini;s,  may  be  compared  to  degenerate  muscle  cells, 
or  to  mature  ova,  or  to  "tiuytttd"  passive  cells  in  higher 
animal*. 

TWa  oOMpuiacni  hM  been  warknl  oitil  tiy  I'lofnam  (jerliln,  who  alio 
petala  onl  that  the  diariGcalion  rrprneiiti  ilie  three  phjrMoluf^l 
MaalUUdct— (d)  the  anvxhoid  nniu.  ndihrtivijacUvcnotTccypasdve, 
Mtm  a  ntedbn  eootiitcaniic ;  (A)  tlir  dlktcd  Infutonant.  which  ore 
MMltjr  mMBor.  tknyi  ihe  (tvilt  uf  a  icUlivc  |jte<lominanoe  of  expcncli- 
larc  1  (r)  Ihe  cncysltil  Gragarinct  tepmeiil  an  vklrcme  •!(  k1u|^h 
paaOvilr- 

But,  at  (jcddc*  and  oihet>  have  ihuwii,  ihv  celli  of  a  hiuhei  aiiiiTinl 
obm  jEiM  frrmi  IMC  phaic  w  nnoilicr.  —  Ihe  irDune  amcEbind  ovum 
aecii  '  ilW  iM-emnei  cncyilcd.  Iho  dliiltii  cells  of  [he  windpipe 

nia)  '  Aifcitl,  link  inio  iii»(-li"i<l  roim^.    The  umc  a  imc  nf 

tlw  I'loii.nm  ihut  til  vaiicii«  coriililiuiiik  the  clliutcl  01  flii£clliile  unit 
■nay  bccooic  eecyMled  at  aiinctiui'l.  while  in  wine  uf  thr  hiniiitcki  ftiini'', 
nA  i»  PrMmyia,  Ihetc  ii  j  "  cell  cycle  "  in  which  all  ihc  [iWe*  hccui 
k  OM  Ufc  blMory. 

Il  la  abo  itDinrtuil  in  nnticc  Profaaot  Ray  Ianke>Icr*!i  diii^on  »f 
tlw  rnrtOMn  lAlu  nakei) and  mrllouc fotni'  K'.ymnoinyxa  anH  Corticate). 
Tk*  Gynwoniyaa  incluilr  ibe  pHmiiive  tarttf.  .tnd  ihe  Rhijopodi ;  the 
Oaatloun  IncWIe  the  Iwu  nireiiM*— Uiegatitics  an<l  Enfutoiiant. 
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CLASSIFICATION  OK  PHOTOZOA. 


(GOxncATA.) 
aciivc. 

ISKI'SOKIANS, 


{UVMNOMYXA.) 


I^loininanlly 
Kmncboii}. 

ItinxoroiM. 


(ComCATA.) 


l*re>loiiitn>n(1; 
cncyiled  and 

(itIi:UANIMI>S. 


ACINKTARIA. 


RADIOLARIA. 


CIUATA. 

IIIITKCIIOn.AaBUI.ATAl 
DlKOFLAaXU.ATA. 

Flw\GEI,I-ATA. 


I-OKAMINIKERA. 
LAByKISTKlrUnEA. 

IlKUOtOA. 

IjOBOSA. 


GKEGAKINIDA 

or 

srORO/OA. 


pHOTlOMVyA  and  MvCRTCCtOA. 
PxiMiTivi:  I'cmMs. 

SVSTEMATIC  SURVIiV. 

A. — Primitive  FartHi. 

I.  PROTKOWVXA.— AcUMMUbliohnl  liy  frnfcuor  Haj  t^nkctlrr.uiil 
dtwribol  bv  him  u  "a  lumbtt  ttxna  in  uliicli  •>1>-riiii;.  lnwU  i]o«1u|w<l| 
nnd  iniufficienllT  known  rarm*  maj-  Ik  tept  uniil  Ihcy  can  Xm  uilierwiic 
•icAh  wiih,"  TiiFV  aie  atafXt  in  siruciure.  ofltn  panuitic  in  haUu  and 
ptolcin  in  ihcit  ptinia.  In  totnt  no  nucleus  hai  vtt  been  detected. 
They  occui  in  fieth  walcr,  in  Ihc  'ca.  ami  parnuci tally. 

Sxamf'lti. — /'letumyta.  u\  iaat  nhitu-t :— <o)  ciii:y>lcd  uiil  IireaWIilD 
uji  inlu  (>i>nro.  iili\c\i  [/■)  an  lirictiy  ll;^;i:lt«lc,  (r)  tinV  inlo  aniixbuid 
foimti  anil  |./|  Itciw  lof^-ilict  ini<.>  a  cDmiHiBilc  "  pJasmodium."     Vam- 

«rtl3a,  psn-iitic  un  Irvth-watrt  Algx :  /f  tJi'iim.  wilh  chlorophjril,  on 
iatonis.  ProlsgiHii,  the  simplest  "  amoeba."  /"rtltbttllijriiM.  drcdgeil 
up  in  muio  fniin  the  depths.  Sekisegma,  niaJltplyiiiE  ^  Tacn 
bfcakaec.     M«tt«Ha,  iUvidln|[  into  l«auli(ul  eolonict. 

3.  Mvt^KTOUA.— Protoooi  which  lii«  on  laml  and  have  a  (uii|^-ljkc 
liabit  of  feeding  on  decaying  vogBlaUc  inattn.  Tht  jilnjintoclial  ^tatfe 
in  ihc  ryclc  ii^  jiredominanL    The  M(ilc<i  i|.mm  *it  uvially  produced  in 
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Unlg  owMila  which  iriw  fium  lh«  miriicc  uf  ihe  plainKHliDm,  and  ate 
olten  AlmHc  in  uruclnic  The  >poic*  may  have  >  hrkr  no^^lalc 
ictmif.  aad  ibtti  ilnk  ilimn  iMO  aiNtebolil  fo(»«,  •»  may  \k  at  tiiicc 
liitlc  amtrVo! :  the  ■inrclm  paw  aad  coiusquenlly  inulltjily  •nd.  aflrt  a 
wWlc,  wHkI  into  ttw  chanctcritlle  fiiwtl  mann  or  plkinimlia,  whieh 
•mbMIim*  tprtai]  nvn  M-\-cnl  squair  mchn. 

Fio.  1^— Di>(7aai  ai  fmawjfxa  Miraa/ittea.    [All«i  II^Ecxiu) 

t.  IbunMd;  L  l>l>Uliu  bio  vm:  >  Btapt  «f  qiam.  u 
Ana  Ahmii^  iboi  aiaKhMt ;  «.  nuoDdiiin,  fgniHd  fnm  ruuon 


Etmrnf/t-r—KtHc  "t  j€tlMU)im  ttttitum,  "  Aoveti  of  un  "—a  laf(;e 

radbiK  nM*i  band  m  tUDiDm  on  the  liaik  of  (betan]raiiJ.  Tlii«  and 
MtiCT  farms  ate  wnwlimM  RiBkc<laK|ilatilotnni»miailir<l  lr>  I'ungl, 
•ad  U  b  nalural  Ihat  ranM  u[  Ihctv  |iiiniiiiv«  {amu  ihoutd  appear  lo 
hwinn  IwlwKii  >l>c  loo  palhi^  Kiukcnbog'*  ^teavtr/ <•(  a  peptic 
fMncftI  and  an  4n<l  in  llieu  roinu  i*  an  iBlcreUlni;  lUuMr^lion  at  Uie 
CnWfal  unibnly  i^  •liiiotilTe  pfncctac*  bi  all  organiun*. 

J. — Prtdi>minaittly  AmuMd  I'lVtozoa — Rkiiapoda. 

y  LOSOM,  in  wtuch  ibc  tiving  mail':!  ttowt  cut  anil  in  ni  utolcui, 
OHalljr  UmM.  never  intrrtKcil  jirocnKt.  A  ph)'>>ical  diflercncc  lictnecn 
oatiM  anil  bina  pMtioii*,  oar  outlcu*  oi  ntore,  but>U«^  <if  wmici  cn- 
pdfcd  alcw  with  lh«  bod,  *l><|n*l  viiitntcillc  vacuiilrr.  iinil  i;niiul», 
Maypnmlljr  be  olncn«d.  Thry  mullipty  in  moat  cata  liy  dividing 
iaM  twok  bul  in  (nine  cato  libcmtv  nuini.Tuus  biuts  (.Arftlia^,  ur  may 
nndr  Imb  apom  lA^mt/j^n).  They  iwoit  off  a  ptatccitng  cyit  in 
nflvfOMnUe  cnaditianL  Twn  individuals  may  imile  in  cunjuKalion. 
ll«|  of  ibcm  OCOH  in  fmli  vraler,  Minic  in  the  icn,  n  fen  are 
IMmaitic 

Ffmfiii, — (d)  Nakcf  (brni*  i — Anutiti,  and  the  ((ianl  ajnirin  /VA- 
■ryja;  (t)  StKlled  bnni; — ArrtB*,  with  a  firm  (chrlinind)  khell  j 
HCKllBClpa  iHibhiei  which  A(u.i  it;  andiPMritfM;>hui  in  ticcpt  at  one 
tsd  liy  ft  tMmlMsiii:,  with  loreicn  liodte*  xucfi  as  Mod  giiunt  ^\iikA  ova 
K.  Ji^pw/**n  (Caiatlocia),  a  uni'ivir  ruicti  ileuribnTby  ILtckcl— ta) 
in  an  OKyiUd  |]h(*r ;  fl  ■*  a  brr  iwimiuin):  colony  of  ciliaierl  ecUa 
(llb«  the  enbtyo  of  some  ipon(>e>) ;  (i)  ai  eilinled  units  ptodaoed  from 

tinaoftbr       : 

4.  Lk»  .  i<iLA,eDmpcnindfonntc<niiMiiigofainMiofpiulo- 

pkajMi  aoTB*'*'*;  I-"  >iMa  a  nctiroik,  unl  of  mimcroiu  ipindle  iha^ 
naiU  wnkli  Invcl  eoMinoally  up  ami  down  the  ihrindt  of  the  livms 
•cl. 


SYST/iMATiC  SURREY. 


MMs  In  olhoL      A  miclciii  li  pmenl,  >nil  often  imikinlia,  appannlly 

•MM  to  ba  *«iy  r»n.  ConjugMion  hu  not  boon  nruinlv  olnervnl. 
MalliflicUion  nuv  Ukc  plaoc  by  diruion,  but  nniallv  br  tnc  tep«aleil 
ffivinen  of  the  oaclcus  mm  the  fotnuuion  of  inUnuU  bud  ipom^  The 
MOl  ujorit;  aie  nuHne,  occnmng  «  all  depths..  Thotc  fioni  pent 
deprtn  haT«  uMially  th«lli  of  ghwd  ood  ;  the  limy  fbni»  ure  IbiincI  hi 
ibtb  bnt  in  the  slullow  wntot  ti  mnn  tc»»,  but  tomeurcui'  in  the  npen 
M>,  wd  tinking  down  u  ilwy  <Kc  (otm  uon.  They  ar«  common  ta 
tsaiik  bon  SOnrian  itmU  oowirds. 

By^mfltt. — Cnnnid,  in  both  ficih  anil  tail  WKlet,  with  one  or  iwa 
optntap  to  kx  *l>rU,  wkldi  K  bowcvn,  virtually  ciii:I<ib«i1  in  ihc  avcr- 


Pui.  ij.—WtytuniKiU.     lAticrSi-HOLTUi). 

fWOIapIaMB ;  .l/iVwrviwte  iMiatu,  in  rietb  w>Icr,  roimini; 
sitffiU^nitlh,  with  an  ckjwnim;  al  cncli  end  cf  n  kaic  mem- 
Mac  I  Uiluliiia,  with  a  chaiiibncd  nil  limply  oiile'lt  xxl  > 
ainci*  >wruit«.  Such  ronii  arc  often  ullcd  Imperfotato.  in  contrail  to 
ihwo  i*Mac  thdlt  hinc  mnnv  |-arct.  /..x/fctia.  with  a  limple  flmk- 
>lM|«it  ntl.  wMh  ililTuK  \tu\r-  t-i  ttir  )itiircucs :  GMigiriMut,  o  pelagic 
Swy  liimi,  with  (ntiiiy  chim'-'i>>  cntcicil  viih  gurcv  nintiiliulesi  reiy 
tHftkloUie  oMc :  //•uiigrriiu,  n  iiflagic  foimi  oilh  liulibljr  jiiolnpliURi 
■fewMiBlly  invdlovins  lound  th«  Oiell,  urhich  conwi  lobr  tnictcinl  Ul>c 
I  irufcJwyil  " frill uriiiinnli  "  (i|  i  n    jtmamtiant,  fmra  the  ilcpitu, 
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w)lb  ■  fltaty  •gelutinue  *hell :  Halifitystma,  x  fntni  uitllijiw  tiMM^ 
BtlfialM  la  oovflrjlarif,  once  mlhUkrn  for  a  miiiiiic  ■jiongr,  .ir  loi  a  ««fy 
smple  manr  nllnl  anfmaL 

Host  kindi  of  dialk  caiuisl  mainly  of  the  *h«lli  of  Foranunifem, 
nceatnuliLlcd  on  th«  Hoot  of  ancwnl  leu  i  Nnmmitlites  and  related  foMil 
foriiit  men-  ■>  Urge  u  ihillinE^  oi  hnlf-croH-ni. 

7.  KADiot^KiA.— Nlitine  Khiraixxlt.  ilii'tilol  by  ■  memlmnG  into  an 
inner  oenlial  capMle  (with  one  oc  more  nucldk  an<l  an  outer  parlitm, 
giving  off  ndUtini;  tlircail-Uke  pnoudopoilia.     The  |>roloplMm  of  the 


flo.  A.— A  pcfciEK  horMiiuiifrt— //oi/ilff'""  {GM*i[niiM\ 
Mmrr^fL     <A(lct  ItHAHV.) 


KMf  eunnl  •Ml,  trt^m\ 
Mk :  ata  In*  carvM  tttwl 


ibvotti 


lilMivlAa 


lehMdfmMvl 


two  i«i[HHia  b  taMwaHl  liy  op«liln|p  In  iha  cannilc  nnnbnnt.  ami 
ewlaini  nianr  varvuli-t.     No  rocilixtile  vacuolnhavc  lic«n  teen. 

Tlieie  ■•  miull)  n  tkeUluii,  In  uvM  ma  yiJMou*  aii't  o(  eoMplax 
uMtaUa*,  Is  anw  omc*  iW  •  liiirn-Uke  HtUnnce,  called  acMUMn. 
TW  (Mflo*  may  Iw  ifiiilv  iMuMa  iW  nnlfal  o^iaaln  or  nw)i  iavada  It 


SVSTSMAT/C  SUKVEy. 
Mom   UaA  ui  imlsteil   nbltncc  {.Vnt*<yttttria)i   %  few 

M<M  RadkitMwi*  Mduck  uniedlulu  Alpc  lydlow  mUi).  o-ith  utiid  j 
ihey  live  In  Hilintle  smtnal  panaofehlp  linmUous).    DJnuoa  b  ; 
baUy  rbc  coaiimmal  bknI*  of  mullipliatioii,  but  IhgdUK  fpoci 
ionttiaict  of  two  it»w,  ndsII  >Dd  luge,  u  if  Dnte  and  mmI* — may  ba  I 
b»dd  ia  ibe  eanual  apnrie.   C<Ni)iicM>on  ii  sUD  ankixMB.    Promor  ] 
LmfccMn  BOUB  tbrt  the  coitiid  capnife  of  a  Radiobriao  mtj  be  comH 
panU  wilk  Uteeadeaed  shell  ti  Htaafiriii^  and  tttu  lh«  diaractcr  of  ih« 
|*«lealam,  whkh  in  eoailiui  wtlh  ihat  M  Fofantinifoa  U  abonilially 
tacaMaled,  mav  be  aMocialcd  wilb  Ibc  pclaeie  life  which  ix  lotc  In  the 
fcnaar  tttm.    lUHlalaiiaDi  forni  much  of  iIm  ooac  of  (h«  ftcai  ckptbi, 
aad  oeear  abnoduttiT  at  iatnit  ftmn  PalKCOoic  timn. 

^troBf^.— TlkaAun'fMla  (no  Aeletoa):    /l<-a»rAn<rfra  (aoolhio) ; 
jittimtmmm  (Suriy  (kdrton.  ocainl   captulc    arilh   ponri    all    over)  t 


Fm.  99.— Optical  KCtiiMi  of  >  Rjdiolamn  (Actinognna). 
(.Ucci  W.VKKKU) 

*.  KudtutLA  Willo/nMnlnrHiK;  i.  SiKcmui  il.tll  vllbin 
!■■)■■;«'■  M>4>llc*atllvlihln<iMinluta>ile:  A  Ouis  •hell  in 
■mowMiir  inAMm.  r«iu  ndiiil  ivicula  hold  iha  ihn* 
•fMaTtbtlb  WsiAw. 

StUfrHttium  tlUiily  tkelclon,  with  on«  itcifDrsle  arai  in  cone  ihap«d 
camni  caraulr) ;  Aithi/^ra  (ftinly  ikdclon.  <;cfilral  capmilc  wiUi  matt 
ttan  oof  pernraic  atta)  1  C«fkifum  unl  A/Ajtr«ut$Bi,  fflulliceUulat 
colMital  formb 

C. — PftdominanUy  En<yiltd  Prvtoioa — Sfvmioa. 

■      .    \    (or   liHtcr,    Dcrhapi.   Si'okokia).  —  IVotocoa  of 

'  .   paxive  tn  adull  life,  clnthcd  Y/f  x  dclinilc  rind. 

-.  .ii.y  kxnmndii  |>ruceu».     Found  inolnioU  all  liindi 
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of  unimabi :  ohciii  etpecinlly  whco  ronng,  wilhia  Iha  otUt  of  llicii  hwl  ; 
dcnvingthdrfbcdbyalrioiiiiiigdilliuiblciuioet.  A nngle Urn  miclcu* ; 
no  conltaclilc  lacuole.  Rcp'vtuclioo  tiy  (tiviucm  m  carlr  life,  but 
lypicRlly  by  uporc  formntluin.  An  encyMoa  phaxc  picccdd  ibe  dJvUian 
in((i  viicMCil  i|Mi«h  The  yuiin^  furnit  ricn{Jing  {coni  >  ^pnic  com  may 
be  ll«)i«Ualc  or  amirboiiJ  ;  btit,  rxccpl  in  a  nry  fvw  CUOfc  putlvlcy  pcv- 
vails,  >nd  Ihe  adulti  ue  much  miiictcil  ia  then  contndtle  nnnniRicnUi. 
Conjugitian,  Mlownl  by  fiuiaii,  often  precede*  encyaalion  t  Mid  Vw* 
fornu  oden  occur  joined  logclher  bui  not  fuwiL 

Examfia. — MettetytlU,  in  tatihirarm  :  Crtgari»a^  irllh  a  oom  ptr- 
tltion.  in  fnod  canal  uf  Arlhrapodi  i  Eimeria,  rom*Jniii)t.  cice'))!  in  jounc 
klagn,  within  a  rcll  of  the  best ;  DrtpaitiAiitm.  asd  olhct  fornit,  in  blood 
corputclct ;  Myxiiimm,  with  araa-berid  nduU ;  Sariatjntii,  in  miuctf 
lilrTe*  of  Msmmali  and  lomc  other  Vcricliraln ;  Ceiiiiltum  tvifarmt,  a 


FlO.  30. — A  Colonial  njigcllatf  IndiHirkn— Pmleioaponpa 
iloeckelii.     (After  S*vtU.K  Kknt.) 

Tbtn  an  about  4t>  Ajci<lljivt  imtUiihuIt.  n.  fiu:lvu* :  K  eoJiirutita 
*acttoI<  ;  {,  ■inolni'l  uali  ui  nlaiinoui  luuix  :  H,  diiiuon  of  an 
4mPE(i4rd  unii ;  r.  lUsdUic  uiiiik  with  colian  oMriimciAJ ;  y;  hyallna 
«ul4r  ni«cat)runn:  /.  unii  fvnnlng  ft)iM««. 

penuwenl  cell  pfuaidK^  in  many  V«itcbniic*,  ooiiHnon  in  the  liver  of 
mblMi*,ftc. 


D, — Prt4<fminanily  Attive  fcrmi  (tiliatt  and fiagtllale )y 
Sentrally  (ailtd  Jn/usorians. 

{OltnrriHf  in  friik  or  ita  matir.  aJnindaiit  in  in/ltlifHi.\ 

9.  KuuKi.i.AiA,  unili  Milb  a  definite  rind,  wLib  1-3  iciively  itnil<i> 
Uling  flagdln,  often  with  »  dihlincl  ajicrluce  for  Ihr  (-nirvire  of  food. 
Reproduciion  liy  ditikinn  iniu  iwu,  or  liji  multiple  diviuun  within  a 
cyiL  ConjUKiiloti  and  encydaiioD  me  cnmnion.  .Sgime  formi  uc 
Milunud,  uiil  tujiigent  Ihe  Itamiiiun  tt>  Uetwuo. 
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fiffJhM,  vuiv  common  in  way<i'!i*  y<.}<A\.  Kith  srten  oi  vatkble 
J  mattet.  prabably  feeding  fur  ilic  iiiwi  put  ux«  n  plnnt ;  ihe 
oolonW  fUkwri  CMwvUi  with  ttalkoil  cokmiiq.  nuh  iadiTxIusI  irith 
•  eolUr  around  the  liuc  of  the  Atgellurn  ;  PrvuntfvHgia,  ooloaul,  liku 
■  iklichcil  pecc  of  kponjc^-  M>nT<  t-il-i  Moruulv  Inv  panuitlcnlly  ot  in 
initliil  liL(U»k 

lo.    DiNOFiM^ELI ATA,  very   mcrcnful    i'TOiiuni.   wliich   cuniUne 
iKlivity  uid  [mth'ily,  hiving  two  Hi^^ll*  anri  ^cocnlly  a  cclhllOK 
coat.     Tbc  ooc  (tocciliun  pcojccu  from  >  loDfiindiiul  Etuovr.  thr  oihcr 
Iie>  In  a  tniOTCne  jiroove.     M<Mly  micinc 
Examfki. — nndiHiiim  ami  CtntliUBJ. 

n.  KlIVNCItOFlAr.BllJiT.i,  Inigr  fcnmi..  with  liiTii  nn.l  Kii.l  nicy 
spooey  piotopbam,  with  two  llai^dla,  iho  luigrr  one  trtrinlDil  IIIit  a 
•niucK.  iptingiDg  frum  a  il«cp  Etoo*«,  ttt«  una,llct  un«  nm  the  iiwrlurc 
fat  the  food. 

F.,iamp!ti. — Thr  phoajihofeicenl  J\'f>:tifm:i :  ljfl.\iiiiui  aitJuisidlf, 
«-likc  in  foim,  tiainiiiutit;  like  n  miniAliiii-  mcdu«>>id. 
13.  ClI  lATA,  (inniiM  wilh  nmnctimiciliii.  which  Iwnd  and  M«l(;hteii 
SipUI]r<  driving  ibc  aninul)  alung  •«  wnfliiig  food  paiticlrt  inco  the 
"■nilth."  There  n  ■  decile  rind.  Bcuilc  the  lirtle  inacrunuclcus 
there  b  in  mail  ■  micionuclciii  or  ■■  jtusnuclcui^"  There  »re  luually 
I  w«  roniractilr  voraokt.  Mahlptlotxin  by  rapidly  bucoccdinK  divbdoni ; 
ja  nue  rate*  \ucttv>  ncvm  to  Ik  fi»in^.  Ci'n]ii|;>iUin  has  in  iinnic  cuot 
at  \tait  liora  tliown  to  lie  OHCKininl  uiih  intiniiitr  inlfrcliangeoJ  micro- 
■dni  Botcrial.  Parautii:  fomi.  vime  luouilileiv  ate  noi  uncommon. 
Exinnflti.  — (a>  Pctilrich*.  with  n  circle  of  dlio  nt  one  er'l  or  ai 
iih,  t^s-i  {'"tirtlU;  Truluitiii.t.  common  iin  /lyJia;  (*)  llcleto- 
Iricha,  H-iih  long  ami  thoit  cilia,  r.g.,  the  latgc  SItiitpr.  Hlmut  Vn'^  '"^^ 
in  IcKfCIh  ;  SdZtnti^iim  i*/i,  in  colon  of  nun.  If)  H»l<)lriclia.  uni- 
(oriuly  ciliaicil,  f^'.  /tanuiurrrjrw  i  O/mJtna,  in  iolcaline  of  fnig,  with 
nunwroiB  nuclei,  and  no  contractile  vncuola.  ld\  Ilypoiriclu.lucoinolOi 
ilia  cuolincJ  to  under  surface,  t^.,  Slyl^MuHa. 
13.  .\i'INKTAKlA.  clUnlol  when  jiiimc.  and  jinilial'ty  diiiieil  fioin  the 
lialo,  )ait  more  )uttlvc  when  lutull.  They  ar<  liied  in  kIuIi  llfr, 
genmlly  itoUied,  and  Imi  imiacle'like  piicanes  often  uielorial.  Th« 
nucleiik  u  tumFltnict  btnaclied.  Thry  h>ve  one  or  mote  conlnclile 
vneuota,  Th(7  mnltijily  liy  diviuon,  or  bv  Ihe  fbrmnlion  of  budi  flhich 
mually  leoMin  for  a  time  iwrily  cncloaei}  by  the  pomil.  Their  friod 
eoAiiiti  of  otbt*  ProloKio.  Tlicy  reprcwni  "an  rtlremc  moclilitation 
at  the  rruluiiM>n  otiio.  in  which  ihf  iliRrfeniiiiii.in  of  part»  in  a  uni- 
orllubf  anjiii-il  rcactiM  tl>  biglieit  iwioi  "  U.ankntci). 

SttmfiUt.  ~~  Arintta,  luciorial  :  l>injiim<ata.  forming  liroitehed 
onlMim  (uctoria) :  O/Atyaitnt/rtH.  Di>ii->.iictc>rin1.  While  m»M  AcineLc 
•rite  other  Infuionun  tj  mconk  of  ilicir  tuckert.  there  are  olhcrt  of 
minute  nirc,  cj-.,  SfMtnvfiiyia  /imwivi.-nin,  which  jKnelrale  into 
ihrir  (irey  ami  (^««omc  iWratilrs. 

tiisl*ry.^-yj1  aninuli  w>  miall  and  delirate  ai  riotofoa.  i>~e  do  not 

IW1  tu  find  diojncl  relici  in  the  iiwch  hatiercd  ancient  loclu.     Ilul 

lerv  aiD  hinti  of  Foraminifci  thctU  cnn  in  ihc  Camhrion  ;  nioe^  ihan 

InU  in  the  Silnrian  and  [tiniiniiui ;  anil  aa  abiinilnni  re|>teicntMi<in  in 
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tDckit  of  lb«  OubonUtniu  and  Mvoral  tutnniiKnl  epoekt.  Tht 
famoiu  EttMm  tma^mi*  of  Cambriui  rocki  it  r^pnlMl  lijr  nuM  as  a 
purely  DiinFtaJ  famuuion. 

There  iwcm  ai  IcaA  lo  be  inlBdent  rclici  to  wamnt  Hvvmiinf* 
yencmliialion  in  refpiril  to  Kotamin iters,  tlioi  the  radicil  had  ihew  of 
irrnularly  aia;luilnninl  ]iniiicl»  (Asirorliltiiln.-).  ihni  ihne  wtre  *■£• 
COMCcI  liy  fdiins  widi  rq;ub(lx  AKL'lulinslril  ^clk  cihil«ttng  lypM  of 
nrcllileclurp  which  u-cre  siibacijueiilly  eviireiMil  in  linic. 

Relics  of  siliceout  Radiolarun  shclli  arc  alw  known  troni  Silurian 
iirati  anwanik,  with,  perhaps,  (he  cxcetiiion  of  the  rvmniaii.  Bm 
knnoTi  are  thotc  which  form  the  later  Tertiai^'  licpntiit  of  Bubadot 
cailh.  from  which  Khrenlwri;  detcrilieil  no  fewer  than  178  ipectea. 


GENKKAl.    NOTKS  ON   THE   fROTOZOA. 


Ordinary  FtnutioHS  —  MaVfmtHt.  —  The  most  obvious 
function  of  a  I'l-ototoon  \»  movement,  of  which  the  simplest 
mode  in  that  tcrnicd  ama-boid.  'Dii*  is  well  iltusiraied  by 
an  Amarfia.  In  ordinar)>  conditions  it  is  continually  chang- 
ing its  &hape,  pulling  forth  blunt  lobes  and  drawing  others 
in.  With  this  ia  usually  associated  a  strcamiiif;  nioreroent 
of  the  i;ranul»,  whil«  within  the  cell  itself  a  somewhat 
similar  s[Ti:ttming  is  ortrn  «cen,  as  in  many  plant  cellK. 
Besides  the  local  changes  of  form  secji  in  the  Amaeia,  a 
define<l  conlraciion,  lilcc  that  of  a  muscle  cell,  is  illustrated 
in  the  coniraciile  filament  oi  the  stalk  of  Veriialla  and 
similar  Infusoiians  ;  and  not  leas  dcfinilc  are  the  movements 
of  cilia  and  naKclla,  by  in<:an»  of  which  most  Infusorians  travel 
swiftly  iluuugti  the  water.  Cili^  in  movement  are  "bent 
and  straightened  allernnlely,"  while  flageila,  which  are 
usually  Mngle  mobile  threads  "exhibit  lashing  mOTements 
10  and  fro.  and  arc  thrown  into  serpentine  waves  during 
these  movements." 

Cnnkidcrcd  eencmll),  the  nvivcmeuti-  ate  of  Iwo  kinda;  cither  |l) 
rcl1c>.  i.t~.  revjvmio  m  eilcrnal  Mimulut.  »\  w)iei\  the  Proitnoon  niov«i 
lowArtlt  a  nulriiive  »i1b1biicc,  or  |i)  autumalic.  u.,  wjch  movcmciils  as 
afftar  A>  oaiginatc  ftom  within,  withuul  our  being  abl«  tu  point  to  the 
iaiMi«dHie  ilimulus.  t^„  the  rhiiihinioil  pumticiat  of  conitacttle 
vaniDlei. 

While  alJ  vitnl  acliviiy  iir  lift  oiuat  remain  incxplicalile  in  Inntor 
Ictoii  until  Mr  hiiiiw  the  chcinlcsl  nature  of  prntopla^in.  It  U  bmAiI  Io 
conipire  Itiv  ■■i<»eint>iils  of  Amtrli*  with  the  laovemcnl*  of  tirops  of 
line  cntultiuii.  ai  I'lofeauir  lIulKhli  ha*  dune  in  gnat  dttaiL     I'oc  in  ibit 


I 


OHDiKAfty  FUNCTIONS. 


■iq'lhctftkll)|iiu]  ai>T  bedMUifiuiiJioKmiiiwhat  tlr)]«nJ»<Hi  hnoutt 
|i>i»k>1  eondiiion*. 

Ur.  Vctwoni  hai  K{iocnliiiivc)]i  iiigBitiJ  tbM  Uie  rabatincc  of  itir 
uaortaM  cril  ii  dniwii  out  Iwwanh  oimn  in  Ihe  medium.  IhM  iht 
duarioUr  ntiwBcid  pulkln  make  wit  Am  th«ii  aiuatiificit  nciithbom 
putklcs,  tluu  exlema)  stimuliu  prmoLa  «  fnolenlu  dimptiae,  Bnil 
thai  ihc  ahaoMcd  paiticlci  Imvc  lAcn  la  rclrcat  lo  Ihe  nucicuk  wliMi  be 
R(uib  ■*  ■  liD|ifcac  cmltc. 

StnHlhMHfif,  —  X\x  AmiclM  i>  Krnsilive  to  exleinal  inltu- 
eocts.  It  shrinks  (ram  strong  light  and  obnoxious  materials, 
it  tnovn  lowrards  eatable  sub«tanccs.  This  scnsiltveiiKs  is, 
so  Tar  as  wc  know,  difTusc,— a  property  or  the  whole  of  the 
cell  substance,  but  the  ptgnteiit  ^>ots  of  some  forms  are 
specialised  ref^ions. 

Muif  l^nMwos  atU  ilhutntc  *  >lfasco  ■giwitlvim*  (o  (ihr  (ilipicnl 
■ixl  chnnical  ftimsli  oO  objerti  or  suhiluicn  with  which  llicy  are  mil 
ta  mnUa.  Thu*  Ihc  umplc  unrCEbaid  yamfyrtiln  will,  fium  a  cum- 
tidonUc  disiaim.  aeep  lUrccllT-  towuik  the  nulniivc  nibsiiinfc  o[  an 
Alpi.  and  the  pbammun  m  a  Myimnyccir  *ill  iiii:»e  iohmiiU  n 
daODctJiw  of  Ucail  tnvm,  ami  aajj'ftoin  .t  v>liiiii>n  of  talt.  Tlie  Kitnc 
■cntjliveneni  IKhaic^ljr  itmm)  tirtieliuii.  n  Men  uiicn  micro' 
iMfMiiwu  mom-  loimiii  ouiiitiTc  miMlu  ex  away  from  othcn,  ahen  ibe 
i|icniuMOfoon  {a(  plant  or  aslnal)  tecki  the  oiain,  or  ohen  Ihe  |]lu|^ 
C]rW«  (wuulcrli^;  umxlniilcelll)  ota  \le\ataaaCTa'n>\\  luBinliaii  intru'i- 
ine  i«iBHic  or  Kair  inluni  partick. 

Xutritioif.  -Thu  energjr  which  the  Amarfiii  exgiends  in 
OHt^'cinent,  il  ina):es  up  fot  by  eating  and  digmitig  food 
portictcs.  Moot  of  the  free  I'rotOJwa  liw  in  this  manner 
u|>on  solid  food  partickit,  whether  plant  or  animal ;  a  I'l-w, 
such  as  l''f/ija.v,  in  virtue  of  their  chlorophyll,  live  entirely 
as  do  pbnts  ;  die  parasitic  forms  usually  absorb  soluble  and 
dilTuMole  substances  from  ihcir  hosts. 

A"<i/(>ii//on.— Like  all  living  creatures  the  Amaht  respires, 
that  is,  iU  cumjilux  sulntance  is  continually  undergomg  a 
pfocest  of  oxidation,  carbon  dioxide  Ix-ing  produced  lu  a 
waste  product.  Without  oxygen  none  of  the  activities  <ran 
W  eiRciemly  performed,  and  if  it  b  long  withheld  death 
ensues.  In  all  I'loiozoa  oxygen  is  simply  taken  up  by  the 
Hcncral  protoplasm  from  the  surrounding  medium,  into 
which  the  was>ic  carltonie  acid  is  again  passed.  The 
bubble*;  which  enter  with  the  food  particlei  assist  in 
respintiion.  In  |u)Tasittc  forms  the  method  of  respiration 
must  be  the  same  as  that  of  the  tissue  cells  of  the  host. 


PROTOZOA. 


ExertlioM-^-Oi  the  details  of  ihis  process  little  is  certainly 
known,  but  the  contractile  ^-acuoics  »rc,  without  doubt, 
primitive  excretory  appliances.  In  the  more  spcciaUsed 
forma  they  a}>|>eakr  to  draiit  tlm  cell  wbstance  by  means  of 
fine  nidinting  (Anah,  and  then  to  bunt  tu  the  exterior.     Uric 

Ltcid   and   urates  arc   snki   to   be   dcmonsirable  m  waste 

[.products. 

Growth  and  Rtfiroduction.  ~  In  favourable  conditions, 
when  income  exceeds  expenditure,  the  Amttba  or  other 
ProtoEoon  grows ;  in  reverse  conditions,  or  at  the  limit  of 
^rowili,  ti  reproducei.  The  phenomena  of  reproduction 
we  will  consider  in  greater  dctnil  later  on. 

Cahar. — I'igincnti  art  nol  infrrquenily  ntncnt  in    (hr   Pml'NKu  : 

have  %\itmy  noticed  the  pretence  ol  cnlotophyll  in  nmc  futnii. 

h   tiMUolonniu,  the  lo-cafleil   "yellow  cells"  *re  found   olmoil 

ifOnlly  uooclalcil.      Ekcli  of  ihc«e   rt-IU  contliu  nf  (irolopliuin. 

itroundoil  tor  "  c^ll  *^li  "["I  cunHining  i  nuclelin.    The  ncDlnplwin, 

ft    tin|iti'(;natr<1    with   chlotophyll.    Ihc    i^eii    colour    o[   which    U 

otacurcd  liy  «  yellow  pi|^cni.     Stutch  is  «l»ii  present.      The  cells 

'multiply  Vn  liuicin  nnil  ctinllniie  to  live  aflei  Uolalion  from  Ihc  pitilo- 

I  pliuiii  of  ihr  K.iilinlnrinn.     All  lh(r*c  rnclt  pniiil  to  (he  omrlii'lon  thnl 

'ihc  I'clli  iirr   ,ytiilii<ilic   Alga;,  lo-called    Zrofkhrtttr.       AcCixJing  to 

Mime,  ihc  "  chlotn]i)iyll  cormudei"  seen  io  ibe  pritnitivc  ArvMtriiKi,  in 

some  llofiellnit  (oniii,  u  Eugleaa,  ftrid  lit  many  Cilisi*.  «i  Stmltr, 

Sf/lMiuAij.  one  ijioilcs  of  /'aiamteinoi,  V'tJi^x  mtl  the  nllied  fomu, 

■re  «Uo  tyiuliiotic  Mt,J-~  vihirli  luve  lott  ihe  power  of  inilepcndcDt 

e»wl«-nce.     The  cviileiice  for  tliis  is,  howwvw,  inuiflicicBl,  onil   lh!s 

ffxplanali'in  H'ill  nut  apply  \o  coMn   like  ihal  of    V'ttli'elta  finJii, 

where:  the  green  colouring  niaticr  is  unifannly  ilistrilniteil  ilirouuh  tbe 

[protoplasm.     In  nwnv  cues  Ihcte  is.  besidci  ihc  chloro|iliyll,  «  l>t«*» 

I  nnncnt.  identical  with  the  ifiM^mm  of  [>iatom:(.      In   many  at  the 

irw[ellau  there  are  one  or  more  briehl  piement  iipaU  n!  the  anterior 

''cniT uf  ilic  cell  1  time  may  Iw  itiiecially  teniltivc  srcai.     In  »nic  of  l)iv 

timplei  Urcgnritin  the  nicOulUry  pn>ioulaun  ii  coloureil  with  )ii|;nirni 

which  is  apjiarenlly  .x  'Iciivalti'e  ol  the  Wmoglohin  of  thi-  liiAt. 

PiychUal  IJfe.—h^  to  ihe  psychical  life  of  ihc  Proto):oa, 
IK  find  that  they  often  tiehave  in  a  way  whidi  suggests  con- 
Bciotis  effort  and  intelligence,  but  as  ctii-off  fragmenu  also 
ace  with  apparent  reasonnblenest,  and  as  (lie  nucleus 
cannot  be  regarded  as  a  brain,  there  seems  no  reason  to 
credit  them  with  tnorc  than  that  diffuse  consciousness  which 
is  powibly  co-extensive  with  life.  Vciwoin  has  decided, 
after  much  labour,  thai  the  l'roii>j:oa  do  not  exhibit  what 
even  the  moxt  .sanguine  could  i^ll  intelligence,  but  this  i.s 


urttvcruA'E. 


>hy  be  or  ixvf  other  evolutionist  shotild  doubt 
have  in    them    the    indefinable    riKtiments  of 


no  reason 

ilut  tliey 

Slnuturt. — The  I'lOtowM  are  wmetimes  called  "aruc- 
turelcss,"  but  they  are  only  to  rcUtivdy.  For  though  they 
have  not  stoma<!h5,  hearts,  and  kidneys,  as  Ehrenbcig 
uipposed,  tbcy  ate  not  like  drops  of  white  uf  ew.  Our 
e)*c«,  when  aided  by  the  microscoue,  can  distingui«i  struc- 
ture ill  these  sim|>!e)>[  animals.  They  are  simple  as  an  egg 
b  simtplc  vrhen  comp.iti.-d  with  a  bird. 

Titc  cell  substance  consists  of  a  living  network  or  foam, 
in  the  meshes  or  vacuoles  of  which  there  is  looser  material. 
Included  with  tlie  tatter  are  granuk-s,  some  of  which  are 
(bod  fragments  in  process  of  digestion,  or  waste  (irodiicts  in 
procctt  of  excretion. 

I  The  cell  substance  includes  one  or  more  nucld,  special- 

ised areas  which  ate  essential  to  the  life  and  multiplication 

I       of  x\vv  unit.     In  t)»e  Froto;!oa  there  are  se^'eral  conditions 
under  which  the  nucleus  may  exiii. 

I  (1)  In  somv  adull  iMms,  and  in  iii.iiiy  ipore*  nr  jmmg  fonns.  iii> 

,         iiBclem  liaA  yd  hcen  lUtcioveiied.     Il  i.<>.  huwrrcr,  unnccmuy  to  pifciTe 
I         l\vt  Icrm  "  MoBwa  "  (.1  lUfh  limple  Eotiiis.  .!>  it  it  pmlablc  ihal  nuclear 
I         maicrlal  doci  cxiii  in  mine  6>nn  even  in  ih«<  ca«i. 
^_^     (i)  In  Mne  uT  llic  CtllMlJi  the  nuctevit  11  diktat,  Ihnl  it,  il  vxiiili-  In  the 
^■tfnmt  of  *  pixHcf  iicalltt«<l  lliroueli  the  mctlullnry  [>tnl<>i>ln>i[n,  iau\  ii 
^^BfolT  iliiccn)il>lo  aiXn  >lcal)i  !•)'  mniit  of  cxic(ul  lUinirii;.     In  Ofafin- 
^^mtfiii  the  fin*  pumlei  Htnrtinm  cinlncct  inlu  a  a»^^l|  nucleiu. 
^H     tjl  In  the  B>*}orit]r  of  cAm.  nolnbljr  in  Ihc  Gnyarina.  the  nucleus 
^Hji  •■ack^  often  Itrgc.  and  pUced  ccntiallj  |  from  v.  cotuidcnttion  of  Ihc 
^Keclh  of  Mttom  we  may  eaXX  Ihit  ihe  lypuni  cmc 
^      (4)  In  in«ay  of  the  OJIatA.  t^..  Panumrtam,  the  nuclm*  it  doulile. 
There  i*  a  brer  ul'l'mi;  iiuclex'-  hM'I  tinidr  ii  a  hiimlirt  ■iilicdcul  one. 

I5)  In  OfM/H^,  From  llii-  inlnlini;  of  Ihe  frog,  nnil  n  Uvi  iiilici  lurmt. 
tbcrc  ate  very  numnoni  nuclti,  atnuiucd  in  a  tymtnctiiiTal  manner  in 
tlM  oHI  talsunce.  In  tome  cai«s  <K««  i^med  nuclei  hsve  hcen 
obncfvol  ><>  unile  to  liirm  one  Intse  nuctcm  jiu>I  licIurL-  liinar)'  liuinn 
Mkn  placx^  Of  ihcie  various  cues  the  <lllTiitc  <iuidition  Ui  apjxitcnlly 
v«n  prisiitKfi 

The  naekiM.  vher)  ttaiDcJ  and  eurninnl  iiniler  high  jK-wctK,  Is 
iJniinril  to  tie  eon>ptn  in  alniclure.  It  (■»ttitlI^  uf  a  nurlrar  nelwork, 
or  ■  cnil  of  chiomalui  Ihreails.  In  ihe  division  of  many  1*iuIo><m.  aa  in 
the  crIU  of  ttighd  Mytnali  il  pUyi  an  imporiani  fori.  Duiing  iliviuon 
Il  pMiii  ftum  the  rctl)n|[  loihc  jlCIivc  comiition.  The  nticleai  ihteiuli 
tv  "diromailii  UaiiwMti'  IwHcn  thcmM-tvct  (nxii  Ihdr  coileil  sinti-. 
•■4  MnngB  ihraiieltet  in  a  'lai  al  ihc  oiuuinr  >if  llic  cell,  whence  ihi.-y 


I  ha  «M  Biutbcr.  and  ticeaac  the 
Ik     Ib  iban,  katyokiDc^  bM  bran 

1  Amc  the  lAjrnokfkal  import  o(  Ibe 

— -  ^  liiliimimL.    TbB«L  Bmmo  Hofa  hat. 

J **  •«■  *■  Ammtt  b  ai  io  tim.  the  part  with  tbe  nudciu 

{WWMjpwiwii—fc.wMleiht  nit  witboal  anr  OMckai  mooct  oc 
■•■(««:  wiayhiMthMabKivcOthMinihcaucof  InkMckmot 
■^  l"«Wh.  AiMK  |PM«  «Uck  haiv  a«d«t  onivc.  whUc  tT  no  onckin  ii 
^■*t  <■  (h(  fcic*'*-  i)m  ««w4  M7  reattbt  wihMkd  ana  deUh 
5"*"^  Tfc«w»«»>  M  ttmam  whj  qm  «mj  net  eoBbne  ihc  view  of 
1<«MMM  tkat  iW  Mricttk  b™«  tbt  nwfitkl  hcredhaiT  tuUiwoM 
<•«  As  new  tta«  il  H  a  t?opWc.  o».  at  an;  nto.  a  viial  ccw(c  in  ihc 

In  naked  ProUMoa,  the  outer  port  of  the  cell  substance 
C  COo^bsRi  *)  is  «lba  dearer  and  less  granular  than  the 
inner  out  ("  endoplura  "X  but  this  difference  is  a  [>hjrsical 
one  of  hole  tmpoccuice.  In  corticate  I'rolo^oa  there  is  a 
more  dcftuiic  rind  or  thidLened  margin  oi  cell  substance. 
Outside  this  there  may  be  a  "cuticle"  distinct  from  the 
living  matter,  M^oKtimes  consisting  of  chittn,  or  gelatin,  or 
lardy  of  ccllutose.  The  cuticle  may  form  a  cyst,  which  is 
dihev  a  iiratcction  dgring  drought,  or  a  sheath  within  which 
the  unit  |>t\«-ccds  to  divide  into  nuoKTOus  spores.  More- 
over, the  cuticle  may  become  the  basis  of  a  shell  formed 
from  foreign  ixiniclcs,  or  made  by  the  animal  itself  of  lime, 
flint,  or  "  huniy  '  tnateml. 

In  (htr  <-cll  Kubdiance  there  may  be  bubt>les  of  water  taken 
in  with  f(H>d  jKiriicles  (food  racuolcs),  contractile  vacuoles, 
fibres  nhkh  seem  to  be  specially  contractile  (in  Cxegarincs), 
spicuks  of  flint  or  threads  of  hornlike  niaterial  wluch  may 
build  up  a  conneacd  framework,  and  the  pigments  already 
mentioned. 

RtpmJMtioH  ^  Pnfowa. — Growth  and  reproduction  ore 
on  a  differcni  plnrK  from  the  other  functions.  Growth  occurs 
when  income  exccedt  cxj^ndiitiic,  and  when  constnictive 
or  anabolic  proccssc^t  arc  in  the  ascendant.  Reproduction 
occurs  at  the  limit  of  growth,  or  somclimcs  in  disadvantag- 
eous conditions  when  disruptive  oi  kataliolic  processes  gain 
some  relative  predominance. 

As  it  iK  by  cell  division  that  all  embryos  are  formed  from 
the  egg.  and  all  growth  is  effected,  the  twginnings  of  this 

occss  are  of  much   tnteresL      (a\    Some    very    simple 


^proc 


REPRODUCTION. 


ill 


f^t>t(M<n  se«ni  to  reproduce  by  what  looks  like  the  rupture 
of  outlying  luiils  of  the  cell  xuhnliiiict:.  \l')  The  production 
of  a  small  mid  from  a  parent  cell  n  not  uncommon,  and 
some  Rhizopod§  (e.g.,  ArftUa,  J't/amy.xn)  give  off  mttny 
buds  ai  once  (c)  Commoner,  how«vcr,  is  the  definite  and 
orderly  process  by  which  a  unit  divides  into  two— ordinary 
cell  division,  (d)  Finally,  if  many  divisions  occur  in  rapid 
suCCcuton  or  contemporaneously,  and  tiRia]ly  within  a  cyst 
enclosing  the  [nrent  cdl,  i.e.,  in  narrowly  limilixl  time  and 
apace,  the  n.-sult  U  the  formation  of  a  considerable  number 
of  small  units  or  spor«.  In  the  great  majority  of  cases, 
each  resxilt  of  division  is  seen  to  include  part  of  the  parent 
nucleus. 

.\  many  celled  animal  multiplies  in  m<ut  cases  by  Itticrat- 
ing  reproductive  cells — ova  and  Kpermatoz-oa-difforcnl 
from  the  somatic  cells  which  make  up  ihc  "body."  .\ 
Protozoon  multiplies  by  dividing  wholly  into  daughlei  cells. 
This  difference  between  Mctazoa  and  Protozoa  in  their 
modes  of  multiplication  is  a  consequence  of  the  difference 
bet«x-en  multicellutur  and  unicellular  life.  Each  part  of  a 
dividcil  Ptoio^oon  i«  al>tc  to  live  on,  and  will  iiKll'  divide 
afler  a  time,  whereas  the  liberated  spermaloxoa  and  ova  of 
a  higher  animal  die  unless  they  unite. 

By  sexual  reproduction,  wc  mean  {a)  the  liberation  of 
spectal  rqiroduaivc  cells  from  a  "body."  and  (t)  the 
fertilisation  of  ova  by  spermatozoa.  It  is  obvious  that 
unkellular  Protonm  can  show  nothing  corresponding  to 
sexual  reproduction  in  the  first  scn.ic,  .Moreover,  Pro- 
tOM»  can  live  on,  dividing  and  multiplying,  for  prolonged 
periods  without  the  occurrence  of  anything  like  fertilisation. 

So  it  is  often  slated  as  a  characteristic  of  Proiorx>a  that 
"they  have  i>o  sexual  reproduction."  Ilui  if  thi.s  mean 
duu  Ibe  imicellular  Proto«)a  tiave  no  spcct;il  teproductirc 
odU,  then  it  is  a  truism.  If,  however,  the  statement  mean 
that  the  Prolo/.oa  arc  without  anything  corresponding  to 
fertilisation,  then  it  is  no:  true.  For  in  many  of  the 
Protozoa,  there  occurs  at  inicr>vls  a  process  of  "conjuga- 
tion "  in  which  two  individuals  unite  either  permanently  or 
temporarily.  Thi«  is  an  incipiently  sexual  pro<res3  ;  it  is 
the  anakigue  of  the  fertittution  of  an  ovum  by  a  spcmuio- 
xoon. 
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Il  U  one  of  ihe  KOincnl  pbun  In  ihe  Hfe  hlMor)-  o(  Mitic  of  tbc 
liinjilni  I'toiouia  (E'lnleuinyia  and  M)cclon«)  Inw  n.  98),  Ihu  a 
numlicc  »(  ani(i.-l>ilil  uniu  flovi  tc)|;clhcr  into  n  ocniipoute  mats  which 
hm  been  i-atlcil  x  "  flatirmiituH." 

It  il  knovn  Ihal  inort  Ihnn  luto  individiul  Grqcuitle  u»d  olhei 
(utmt  o«aiicinaII]r  uoiic.  To  (hii  the  tcnn  "  mDltipU  oon)aj>]iiJan  "  hat 
Iwcn  applied. 

Cominonc*!.  hoHnet.  it  itic  uiiian  of  iwi>  H|r[Hticnily  timilu  i&tliHd- 
uab,  ciihi-f  nrnn.iiiviKl)  ">  1I1.11  ihr  (wi<  fiikc  inl<.>  >>nc,  or  Innponrilx  *o 
thai  an  cxchan|[<  of  nialcral  U  rflcctcil.  I'crmitncnt  conjuemion  laM 
ben  otMrred  in  Kmal  KhiiDiKxIi^  Infuwriinh  anil  Gniputncs. 
TcoMMnirx  coniugnticn  b  <rt)l  known  in  not  ■  fc*  ciUalnl  Infuwrlun, 
and  II  it  poiiible  that  a  curiout  end  (n-rtid  union  of  ceitaln  (.iMKaiitiM 
b  of  Ihe  lame  tiulurc,  or  il  may  be  of  the  nnluie  tif  a  "  platiiici'liuin  " 
fannktion. 

Foutlhlr.  (here  all'  Mme  cmm  wlierc  uni  of  llir  conjusalinB  indind- 
Mb  '»  latter  and  leu  active  than  the  o[h«i.  Tfaoi  ici  ygrtietlU,  a 
■nail  fim  iwimming  fottn  niutca  and  fata  coaiplelcly  with  a  Kallud 
EmHvldual  of  noimal  liie.  To  call  thb  "dimorphtc  e«nlu)[ition  "  b 
tiaidly  nwcuaiy,  tinoe  li  ii  cndcntly  eiinivalent  la  Ihe  fn iiliuitlon  of  a 
pMalvD  ovum  byaa  aciivc  ftprmiatofuoa,  one  ritthc  mcll-knami  cfauac- 
Wtiitka  of  reproduction  in  ino  Meiaaoa. 

In  KiJbair  the  i*  even  moic  obvious,  for  the  unall  and  active  ceUi, 
ImiIi  In  thapc  and  melhod  of  fbrmaiion.  recall  the  ipcrmaluioa  nf 
,  hl|;bti  fotmv  The  conjugBlJon  of  ciliated  Infiiwriaiu,  luch  at  Paramo- 
eiim,  li»  been  itudicd  with  gieal  ciie  b)-  Virulm,  Maupo^  K.  MmwiE, 
and  olhen,  am)  ihoiich  ilicii  mulih  ut  vum  qitiie  haniMiRKiiu.  Ihe  mam 
fncu  arc  leciiic.  til  iiuii)' citi-iieil  liituoxiiint  ihcie  aru  mo  nncltor 
tnliet.  OIK  latge.  Ihe  olbei  nnaU.  The  unallei  or  mietmucleiu  Htt 
tiy  ihr  Mt  of  ihc  larfet  or  inaaoniicleuL  The  micronuclens  djviiics 
IaIo  |«iI*.  while  the  mactonvclcin  diwnenta.  Two  Individual 
InteoiianalAaml  ll}l(r  Me  by  tide  in  etnte  ountwi.  a  pntlon  of  the 
■licnHiKlnu  uf  A  paiM*  into  II.  and  hikct  «iih  a  iiofiion  of  tbc  aalau- 
nudmt  of  U,  umilad)  n  )>urt>on  «r  iho  nutronuclciu  at  B  paww.  iMO 
A.  awl  (iitet  ollh  a  |urtion  uf  the  wicionuclcut  uf  A.  lothott,  mutual 
IntiliMtlnn  uccvn.  ihc  conjupuini;  indjviduali  teparate,  a  acir  mcio- 
MKlcM  a»d  a  Mw  «iKTaBm:k«u  ate  catabUihcd  in  each. 

TW  fawciH  lMerp«elaliian  of  ihe  uioecia  i>  lo  Kmie  cUeiu  a  matwr  of 
mrt*  oiiinioa.  We  may  nfftiJ  u  ■>  a  muloal  teiuvtBoecnce,  cacb 
umIi  laiif  jytac  loaac  wlntancn  in  ijualilbex  which  Ihc  other  lacks :  a* 
«te  may  rf0inl  II  ralhcr  ai  a  p*ocna  t^  wUcti  the  avera^  chaiacier  of 
lh«  ttircuzt  la  luatalned,  poadiaritka  or  pathokcical  variatioai  of  ooe 
iMllvlilaa]  iKJniE  comtcfacled  bv  otbti  chatBCim  in  the  neigbhatr 
lamnMly  m  neat  reUlkui)  villi  which  it  oonjvcalet ;  or  w«  nuy  (ce 
In  A  a  Mnitce  of  variatkin  •»  (He  rcwll  of  new  coniUiialioot  aarang  Iho 
^BsnUal  hereditary  MtlwianceiL  The  trvairhn  ot  M.  Ha«pa*  have 
thrown  nncli  lighl  «*  tbr  facta,  and  tome  of  hit  twuIIh  dewrve 
MiannuiT . 

Il  lu.  Urn  uAen  alkirtd  thai  tltc  wImuciiI  divtdlac  ia  aoorkntcd 
In  i»iipi,i>ii»i  1  but  Hanpu  Itnib  ihal  tlib  it  I>y  00  ncMi  the  a»t. 
Ttw  TcK-nr  ill  r>d  b  tru«.     White  a  |iab  nf  IniuHwiam  iOtOfktJntmi 
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grmmJu\  MSic  (MMKii  in  conjugal iun,  ■  dni^lc  indiviilual  had.  by 
OM^Duy  asciatl  oivKoun.  ^'vcn  tiic  to  a  ixaaXf  o(  from  bny  tliouand 
to  fifty  Ibcnuutd  indiviihuli.  Moicovcr.  the  inieiue  inlenul  ch>nK«« 
pMpMMloty  lo  tcnfliauKin,  *nd  the  |»-nrra1  lo«tia  dutliic  uitiMT|ucni 
nxxouniclicn,  dM  only  InvulK  Iom  ciI  liinr.  Uil  cxpow  (lie  Infuforiint 
to  cm  link.  Coajucalton  Menu  lu  involve  ilaogpr  snd  dealh  ratliei 
cban  to  cqoduce  to  niijlii|ilicatiiin  and  Inttk. 

Tlie  riddle  mu,  io  pan  al  Icait.  lolriMl  by  a  long  icria  »f  caccful 
olacfTailniii.  In  Nmcrobcr  1SS5.  M.  Miupu  itolaicd  ui  Infutorian 
{SttltiikAia  fMi/oiii/ai  and  otMived  ilii  Kcticralkint  till  March  18B6. 
By  ihu  time  lh«cc  I>m1  l>om  ivri>  hundrnj  and  Aftraa  |-cni:Tal>iin«  pto- 
dncod  by  onliauy  divisioii,  aiid  uiicc  ihoo  lowly  organumi  do  not  con- 
jonte  wilb  nau  tdalivrs.  ihetc  hud  been  no  conjugatioo. 

whM  was  the  result?  At  the  date  tcfencd  10,  the  family  wa* 
alacmri  to  )utc  exhuHled  iUclf.  The  mcnibcn  were  beinc  born  old 
and  ilcUltiitiil.  The  atonal  ilivinoii  nunc  to  a  usuxl^iill,  and  the 
|tower«  iti  tutrttioii  vrcrc  lint. 

Meanwhile,  liefbo:  the  fjcncralirmi  had  tihaiiilcil  thcintcli-es.  icveral 
lit  ihc  iiidinduali  hnd  liern  totored  to  ihcii  nalunil  conrliliuns  where 
Ibey  ounji^ted  *ilh  luirclaleil  foiini  of  the  lame  spccio.  One  of 
theic  ■*>  again  bolatod,  in'l  Haichrd  lot  live  monihi.  In  Ihiii  caiic  up 
till  iKe  OM  himlreil  and  ihirlieth  ^enmttiun.  it  was  (bund  that  on 
mnova)  10  Inlh  condiliuni  the  oreinisnis  wore  cajioble  of  conjugaling 
with  BDiebleid  fonu.  Later  thu  jxiwcr  wii  foil,  nnd  al  the  one 
faundicd  and  ciefatkth  ecncrajion  the  indiviiliuU  of  the  kuiic  family 
wRe  olMcrvcd  making  a  vain  altcinjit  lo  ronjiigatc  with  cuh  nihei. 

We  ibui  we  ttut  willioul  niirmiil  c»iijii(;atiou  the  whulr  fanidy 
brcoam  (coilc,  'ttgennaiei  luili  mi>rj<holiigioa!1y  snil  phyiinlugicallv. 
Motpbolc^calljr,  the  in^tiiiduaU  decrease  in  site,  until  ibey  miMsiire  only 
a  t|iia(lar  oT  (h«ii  onEinal  iKoponionai  the  mieromicleui  airophiei  com- 
pUtcly  oc  putiaUy,  the  chcnmalin  of  Ihc  maeronucleiu  Gradually 
dliBp'rnii.  i-ihct  iMenuU  tinicluica  alto  deKeneiale.  Phy«ii>Tu^r&lly, 
Ibc  jidriliiKV  diviAi'iri,  und  funjiJipili'iri  tcime  (<■  a  ^lUnd^lill, 

•s<t       dc<iiy  n/  ihc  iwlatnl  indiiiduali  ot  family  incvitalily 

The  enkttal  coiKl«siM  >>  ewlcnt  Sctuol  vuijoo  in  ihoac  lofiuorions. 
da^^crutn,  (cilufH,  fo(  the  iiuliridual  life.  uiJ  a  Iom  of  lime  m>  far  a« 
inmcdiMe  nwlUplication  U  ciixviiu-sl,  is  alwilutcly  neeoMuy  fiit  the 
.  The  litr  runt  in  tlriiity  liniiled  q-clct  of  asoual  dii^ion. 
Nilea  with  alHnl  fnerni  mtul  occur,  elie  the  whole  life  ebfab 
li,  tbc  I'lotoxoL,  which  lome  have  called  "immoiial,"  die  m 
aanuat  ilcnih.    CoMJi^lion  ■&  ihc  ncccnuy  condition  of  Ihcit  cteinal 

ftMlk 

SifHomUs. — Ik{any  Protozoa  raLie  organic  dcliris  once 
tnorr  into  tlic  dtdc  of  lilc,  amJ  nuiny  form  part  of  the  food 
ot  higher  unimntx.  I'hus,  those  pelagic  I-'oraminifcra  and 
Radioluuns,  which  dying  sink  lo  the  great  oceanic  depths, 
ronn  along  with  niorc  substantial  deltris  the  fui)dnnii:ntal 
food  supply  in  that  plaiitkss  world.     Fundamental,  since  it 
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is  pbin  ihnt  ihc  deep  sea  aniiiuh  caniiot  all  be  living  on  one 

Almost  every  kind  of  nulriiivc  rcl.ilion  occurs  among  the 
t'rol4»<n.  I'rdUlotjr  life  is  well  illustrated  by  most  In- 
fiisorinns,  and  thorough  going  parasitism  by  the  Gregarines ; 
OfaHna  in  the  rectum  of  tlie  Trog  may  serve  as  a  type  of 
those  wliich  feed  on  decaying  debris,  and  Voivox  of  those 
which  are  holophytic  Rndiobrians,  with  their  paniK-r  Algz, 
exhibit  the  mutual  lK'ncfi(«  of  symbiosis  the  plants  utilising 
the  carbon  dioxide  of  their  transparvnl  beaiers,  the  animals 
being  ^crated  by  the  oxygen  which  the  plants  give  off  in 
sunlight,  and  probably  nourislied  by  the  cafbohydratc%  wlii<:h 
they  build  up.  Some  of  the  [lamsitic  forms  op<:Knally 
among  the  S|Kiroizoa,  arc  of  serious  importance  to  hi^wr 
animals. 

Though  Protozoa  may  be  seriously  infccic^l  by  Baaitia. 
AiiHtUt  parasites,  some  fungi,  lilce  Ckytridiuin,  &c,  fatal 
infection  is  rare,'  because  of  the  power  of  intraoclhilar 
digestion  which  most  Protozoa  possess.  "The  parasite," 
Metchnikoff  says,  "makes  its  onslaught  by  secreting  toxic 
or  solvent  substances,  and  defends  itself  by  paralysing  the 
digestive  and  expulsive  aeliviiy  of  its  htist ;  while  the  latter 
exercises  a  deleterious  influence  on  (he  aggressor  by  digesting 
it  and  turning  it  out  of  the  body,  and  defends  itself  oy  the 
se<'reiion.s  with  which  it  surrounds  itself"  With  this  sirug^ 
should  be  cumjxired  (hat  ttetween  phatfocirtcs  and  Bacteria 
in  most  muliicellubr  animals. 

l-cw  l*rotoxoa  come  into  direct  touch  with  human  life, 
but  man  )us  sc%-eTal  Proioroon  parasites,  (.g..  Amir/m  riA', 
assocuied  with  infiainmation  of  the  intestinal  mucous  mem- 
brane, Ctveidium  ev^orwH  (Sporo/oa),  aficctiitg  the  liver,  and 
various  Infusoriana.  On  ihe  other  hand,  (lie  j.hells  of 
Proloioa  dqwsited  as  ooie  in  ancient  daj-^  have  formed 
lin)H^rtani  deposits,  such  as  chalk  and  Barbadocs  Earth. 

iitrnfTiU  /^wtf^kal  /t/erest.'-Thc  I'rotoioa  illustrate,  in 
ftw  and  iinple  life,  forms  and  functions  like  those  of  the 

ilh  whtrh  i-^m|<Dse  the  nuny  celled  animals.      Typically, 

structural  or  moqihologital  simplicity,  hut 

al  tomplexiiy.     Within  its  single  cell,  lite 

(Tgos  all  the  usual  function*.,  while  in  a  higher 

^1  .,  M-ts  of  cells  have  been  specialised  for  vanoits 
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net ivil  !<;!(,  an<l  <.-nvh  cell  lias  usunit)'  oti«  Function  dominant 
over  iIm:  otlicri.  'I"lic  Mcltii^oan  cclU,  in  aci|tiiring  an  in- 
created  powvr  of  doing  url*  tiling,  have  lost  the  Protozoan 
power  of  doing  many  things. 

The  I'rolonoa  remain  at  Ihc  level  [epn;scntcd  by  tiie 
n;|>ro(luctive  ci^Is  of  higher  forms,  and  are  com  [in  nil  >k  to 
reproductive  cells  whit-li  have  not  Iwrmeti  lnnlit^s.  In  the 
nexual  <:nloni«s  of  I'olmx,  however,  wo  sw:  the  beginning  of 
that  difference  between  a-produciivc  cells  and  body  cells 
which  has  become  bo  characiciiatic  of  Meiazoa.  The 
Protozoa  are  !>c!f-recuperalivt',  and  in  normal  conditions 
ihey  are  not  »>  liable  to  "  nattiral  death  "  as  aie  many  celled 
Einimuk  Weisni.inn  and  others  maintiiin  ihat  they  arc 
|>hyxtcaliy  immortal. 

1'hcy  illustrate  (ir)  the  beginnings  of  reproduction,  freim 
mete  bicakage  to  definite  division,  cither  into  two  as  in 
fission,  or  in  limited  time  and  ^(ucc  into  many  units,  as  in 
the  formation  of  »]!»».■%  within  a  cyst ;  (/•)  (he  be);inning)i  of 
fertitiiiaiion,  from  "the  flowinji  together  of  exhauMcd  cells" 
and  mtiliiple  conjugation  to  the  ^pecinlixcd  Hcxual  union  of 
some  Infusorians,  whcie  two  individuals  become  closely 
united ;  (<■)  the  beginnings  of  sex,  in  the  difference  of  si« 
and  of  constitution  sometimes  observed  between  two  con- 
jugating uniu;  (</)  t)ie  beginnin^H  of  many  celled  animals 
in  the  associated  groupit  or  <:oliinies  which  occur  in  swcral 
of  Ihe  Proto;/»n  ebsses.  The^c  colonies  show  a  gradation 
in  complexity.  JiafiiiJi<>fifirys  and  other  Hetiozoa  form 
loose  colonics,  which  arise  by  the  want  of  separation  of  the 
I)TodiHts  of  fission.  AiTiuiig  the  KadioUrians,  tliere  are  several 
COlunUI  funnK,  in  these  the  in<lividtiali  are  united  by  their 
cxlra-captular  protoplasm,  but  an-  all  c>|uivalcm.  In  Pro- 
tfr^nxi'ii  the  tells  show  considerable  morphological  dis- 
tinct iventss,  some  arc  flagellate,  some  amoeboid,  some 
encysted  and  spore  forming,  .\gain,  tn  ftt/vox,  as  wc 
noticed  above,  the  cells  of  the  colonies  show  a  dintinction 
into  nutritive  and  re|>rudti(;tivc  units. 

Lastly,  in  their  antithesis  of  passivity  and  activity,  con- 
structive and  destructive  preponderance,  anabolism  and 
kaialiolisnt,  the  Proto/oa  illustr.iie  the  phases  of  the  cell 
cycle,  aitd  so  furnish  a  key  to  the  variation  of  higher  animals. 


CHAPTKR    VIII. 


rOKlPtKA — SPONGES. 


A.  Ckkaro  (Ciildip«aE>c|- 

B.  N<in>CBknict. 

lIcxacUncHhb. 
rij.u-i...u.....t.    I  MitaaxanUii. 
O-oo'V^e^  \TcIniclin*Uid4. 

SrorttiEs  seem  to  have  been  ihc  Itrst  animals  to  attain 
maiked  3ucci:a»  in  ibe  formation  of  a  "body."  Kor  ihougli 
tbeir  details  are  often  coiuftlex,  their  gciwnl  slnictuii:  is 
ximpkr  than  the  nvcrnge  of  any  otlicr  cbsi  of  Metaioo,  and 
lotnc  of  the  simplest  form«  do  not  Hk'  high  above  [he  le>x-l 
of  ihc  gaslrula  cmbtyo  A  "  body  "  hjs  been  gainc-d,  but  it 
shows  rcUtivcly  little  division  of  laboui  or  unified  life ;  it  is 
a  I'oinmunity  of  cells  tmpcifeetly  integrated.  There  arc  no 
definite  orj^anH,  and  ilte  tissues  arc,  as  il  weic,  in  the 
nuking.  S|Minges  are  iJOMive,  ve^tative  aninulK,  and  do 
nut  seem  to  have  led  on  lo  anything  higher ;  tnit  they  are 
nioccuful  in  the  stnigj^lc  for  exi&tence,  and  are  strong  in 
nu  in  Iters  alike  of  s[)ccica  and  of  individuals. 

GtM/m/  CharaHtn. 

A/.'n.(Yi  ar<  Jif-lMititie  (tsti>  Utyxrtd)  Mftai(\i,  lk(  middit 
ilr,ifur»  "fftlh  tht  mrtag/tra — not  lUlmmnf^lolkfdefinHtnttt 
*'/  ^  firi'/^r  mfKnitrm.  Thtrt  it  no  ca/ome  or  iojy  tavifj'. 
Th  li'nxitHJiniil  a.xit  of  tht  tthfy  corrtipondt  to  that  of  tht 
tmtryo ;  in  other  \cordt,  Ih*  /^tttrai  tymmttry  of  Iht  gutlruln 
il  reiaimtd.  Ih  ihtir  Ihrtt  rhttnteltrs  tht  S^oAgrs  "Rrrt  with 
the  l',rlentfri>  anJ  differ  from  hightr  (tripMlattie  and 
M-tomalf)  AftlauM. 

Tht  tiidy  tMritt  grtnt/y  im  tha^t,  tvtM  within  the  tarn 


nsscirtpr/oy  of  a  simple  sponge. 
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It  «  tntvfntJ  *!■  <aNals,  Ikntugh  whUM  ntrrtnts  ^ 
hitr  feed  inwards  and  wattt  iwtti'ardt.  JVumenms 
mitialt  ffrti  am  ihe  surftu*  oftn  into  agtrtnl  tanah,  /fading 
into  a  (itrily  or  (atnliti  iintd  fy  (ndodtrm  <tllf,  want  or  alt 
e/u<ki<h  art  ^iigel/atf.  7J»  the  activity  of  Iht  fi.igtHa  the  ail- 
imf«rtanl  tvaltr  xnrrtnlt  itrt  due.  Tht  endoJrrmi<  or  gaitrif 
tttn'ty  amy  fie  a  limfU  tnAe,  or  it  may  have  radially  ontgroiv 
|lw,f  fhambert,  tr  it  may  ie  refrestnttd  by  ^rattthtd  tfaeet, 
'  i>m  tphifh  ifertMl  (anah  lead  ti>  Ihe  exterior.  Where  there 
it  a  disliiKt  antral  eavity  then  is  umalty 
htit  one  large  exhaltnt  aferturt  (osmium^ 
hut  in  other  eases  there  are  many  txha/ent 
afiertiires. 

The  eetoderm  it  the  /east  impetrlant 
layer .  it  e/tters  the  I'otfy,  and  is  /trhafis 
(ontinued  info  the  a^erent  eanalt ;  thf 
rndiKlerm  linef  tnoU  rf  the  internal  eaatiei, 
and  ii  tyfiitally  ^itxellate :  the  inten^ninf; 
nieiifj;lara  (onlaini  a  tkeleten  of  lime^fiint, 
or  ifv-ngin  ;  am<ehoid  eells  or  ^hagoeytes,  in- 
fi'rfant  in  digestion  and  txerttion  ;  rtpro- 
duetive  (ells,  and  other  elements. 

Budding  is  very  common,  and  in  a  frtt' 
eases  bads  are  set  adrift,  IMh  herma- 
fhntdile  and  uniiexual forms  oemr.  The 
texnally  prodnced  embryo  is  almoU  always 
dervlofied  within  the  nusogbra,  and  leaves 
(Ahct 'il'iui:KKt.l  '^'  ■V'^'W  '"  ''  ciliated  larva.  (Hi A  the 
tw  n»UL(   exet^oH  of  one  family,  all  are  marine. 

Descrifliifn  of  a  Sim/'le  Sfxinge. 

A  ver>-  !itmplc  sponge,  such  as  Ascttta, 
a  hollow  rase,  inoorcd  at  one  end  to  rock  or  seaweed, 
wJUi  a  bf^e  cxlulmt  a|x-riure  at  the  opposite  |h)]c,  and 

^th  nutncruiu  minute  mhaleiil  ix'tes  iliroiij^h  Ihe  wallH. 
I'hote  wall*  coiuiiit  <>f  (■)  a  flat  cclodcnn  ;  (a)  x  mcsc^cea 

^cuiitaining  triradinic  calcareous  spicules,  phagocytes,  and 
rtiKodurtivc  elcn>cfiis ;  and  (j)  an  cndodrmi  lining  tlit- 
ccninil  cavity,  and  coinpowd  of  collared  tlagctlaic  eells, 
almoat  csactly  like  M>ine  of  the  monad  InCusorians.  This 
limple  ipon^  it  not  much  aliove  the  i^n^trula  level ;  it 
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fAptes  Renerally  nitli  a  ximpit;  Oelcntetaie,  sudi  as  Hydra. 
but  differs  Trom  tt  in  the  .iW-ncc  ot  [«nt3c)«  and  Minting 
oclls,  nnd  in  the  greater  development  of  the  mcsogltva. 

Mi>rt  ComplkaU4  Fitrms. 

Hut  A  description  of  a  simple  tjiongo  hkc  Asettia  conveys 
little  ide.i  of  the  structUFC  of  a  complex  form  such  as  the 
bath  sponge  (Eusfongia).  Let  us  consider  the  origin  of 
complication!).' — 

(a)  Sponges  -long  re^parded  as  pLints—arc  ])lani-Iike  in 
being  sedentary  and  paxsivc.  'ITicy 
seem  also  to  fi-cd  easily  and  well- 
Like  plants,  they  form  buds,  the  out- 
comeofKurplusnourishmcnt.  These 
budft,  hke  the  Kuckera  of  it  rose  bu»U. 

roflen  acijuirc  some  apparent  inde- 
pendence, and  the  sponge  looks  liki- 
mau)'  vases,  not  like  one;  Morc- 
0%'er,  as  tliey  grow  these  fjuds  may 
fuse,  like  Ihc  branches  of  a  tree  tied 
cloMcly  together.  Thus  the  structure 
l)ccomcs  more  intricate. 

(A)    In    the    simple    sponge    the 
isiric  cavity  of  thu  vase  is  coni- 

rpletely  lined  by  the  colbretl  cn<io 

[aerm  cell*  (Ateon  type).      Itut  the 

[endod^-nn  may  grow  out  into  radial 

■  chambers,  and  the  walls  of  these 
may  also  lie  folded  into  side  aisles 
{SytifH  type).  The  oiilgruwing  of 
the  endoderm  into  the  mesoglcea 
may  be  eontinin.fl  evi-n  further,  and  the  cell*  may  become 
pavement-like  except  in  minute  Hngellntc  chambers,  where 
the  characteristic  collared  type  is  retained  {Ltutvn  type). 
{Stt  Fig.  33.) 

(Speculatively  it  may  he  ftug^e.«ted  thai  the  rharacceristic 
folding  or  outgrowth  of  thi-  {-iidiidern)  is  nccewitntcd  by  ihc 
fact  tt»t  the  endoderm  cells  are  t>ctlcr  nourished  and 
multiply  more  rapidly  than  those  of  the  ectoderm,  which 
thus  fails  to  keep  pace  with  the  inner  layer.] 
(c)  Jty  infoldings  of  the  skin — ectoderm  and  a  sut>jacent 


Kirt.  ja.  -Swiion  of  ■ 
SiKHiRe.  (Afiv-r  V.  E. 
Scniii.XK.) 
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LSytii-in-  (Adrt  Korsoiki.i  iciil 
tteil'KN.t  Tlic  (l*Kclhlv  ici;i(in>  nro 
ittfk  (htiiii|[h(Nit,  thtr  ■ncwi|>l<i-a  »  ilol- 
tipl,  l)lr  arrowi  iliuw  the  iliicclinn  of 
tb«  mnciili.  M\  ihc  tigiirijs  rc|>rui<:nr 
I  xellont  Ihtuugh  ibc  wall. 

A-  Stnpii  •*iiiv*  rrv,  Si,  tuwlcm,  £■■ 

H.  5>M    it»<.    •■h    tbcillut    nillal 

HI  (Kf  ~r'"  Tf*"*  f^-— *— 
Ot  SlUI  Inen  cAMlrki  l)|K,  irilb  ur.sll 
fcpflTi  dMbm./.  ti. 

,  hy  Sat  epithelium  with 


spaces  may  l>c  formed ; 
an  outer  cortex  may  be 
distinctly  diflcKntiated 
from  th«  intcnuil  rea;ion 
in  which  the  dsgdlate 
chambers  occur  ;  the 
pores  may  collect  into 
sieve -like  areas  which 
open  into  donie  -  lilce 
nvities;  the^e  and  many 
other  com  Illicit  ions  aie 
common. 

{d)  The  tclodtrm  is 
usually  dc^cribt-d  as  a 
coverinu  layct  of  flat 
epithi-lium,  l>ut  ftu^k 
shniMxl  cells  \\.\\K  also 
been  obscn'L-d  (Bidder). 
It  may  l>c  folded  in- 
wards, a.t  vre  have 
noticed,  and,  according 
to  somL-,  it  also  lines 
the  incurrcni  or  afferent 
canals  in  whole  or  in 
I>ari.  In  a  few  cases, 
'if  ■•  Oicarella  lobuiarit, 
it  is  ciliated,  ami  iu  cells 
may  also  exhibit  con- 
tractility, as  around  the 
osculum  of  Aiiflla  da- 
tkrut,  though  the  con- 
Iractik-  cU-menls  usu- 
ally hdong  to  the  mrso- 
glcca. 

The  tndodtrm  con- 
sisLs  typictUy  of  collared 
flagellate  cells,  hui  in  the 
more  complex  s]M>ngcs 
these  are  replaced,  ex- 
cept   in    the    Hagcllate 

or  without  flapiclla. 
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TUe  mfm<gi*ti  cmttaiiu  very  vkned  dements,  and  itlu»- 
Iraloii  t)tc  licginnirifis  of  dilK-tvtit  kinds  of  tissue.  Thus 
llitnr  an-  nti|tnnt  aiiHvboid  i-vlb  (phagocytes) ;  itrcftular 
coniici-livi-  iiMoc  lells  cniticikled  in  a  little  Jelly  ;  !t]Nndle 
•hapol  ctMincx'tiw  litAxw  irrlls,  united  into  fibrous  xtnnds ; 
ironinulilv  crlU,  <j..  *'w«;  IcnniiiK  a  sphincter  jiround  the 
(MTub  nr  Hiwnc  lonns,  mch  u  /WA^matiumi ;  skdclon 
RinkinK  cellx ;  (HKiiH-iit  ronlaintng  i-elts ;  supposed  iwfve 
Celli(|>fOJectiiifi  oil  the  t'Utf.ii-r,  .ind  believed  to  l>e  rminicted 
Initmulty  with  iniilii|k>tar  Igun^lion  ?>  CclU  ;  and  la»lly,  ihe 
Kpriiduitii'e  ivll«,  «hii')i  itrc  cunitected  by  trannitioful 
fiwni*  «ilh  tlir  tmlinan'  p)Mg(M;)lvs. 

(«)  The  dtclctiui  cun%ihtK  of  calcareous  ot  siliceous 
■(liculcii,  iM  of  >i|KHi^in  filires,  nt  of  combinations  of  the 
two  lost.     A  i-iil<!inr<m»  spicule  is  fotmcd  of  caliritc.  with  a 

)[lil  Khcath  attd  core  ul  ori^aiiic  nuiltcr  ;  a  ^iliccoux  !i|Made 
wmcd  of  colloid  Kilica  (»  opal ;  the  !ipon{(in  a  chemically 
newhal  like  Kilk.  L'niradijite.  btradiaie,  triradiaic.  qu.idri- 
liaic.  scNradijic.  and  nmltimdi.itc  spkulrs  occur,  and  in 
''a  itctwfal  way  il  may  In-  vaitt  llul  they  arc  arTai>{;cd  so  that 
ihev  kIvc  moM  ari'hilci'tiiial  <>tabiliiy.  Each  is  fofnied 
wiinin  a  sinuk  cril,  and  iti:iy  l»o  »(M.'culativdy  regarded  as 
an  nripiniscd  rxcrvlum.  "  Dtirin);  its  powih,"  I'rof.  Solhs 
•ayi,  *'thc  Hi>«ctil('  sluwty  passen  Inini  the  interior  lo  the 
exterior  or  llw  sjKMtgc,  an<l  is  finally  (in  at  least  smnc 
ipongca — (i*"Mi.  Str/Mtf)^  vast  out  as  an  cfTctc  i^rnduct." 
The  flbtt*  of  spongin  an:  fottncd  as  the  secretions  of 
mcMglisa  oHb  known  as  i|M>ngiobbsu. 
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Bxoqxinfi  the  fresh  water  SpongillidK,  all  StMngcs  arc 
maniir,  in.  iirting  from  between  tide  marks  to  great  depths, 
All'i  iiiiljrvmic  life  IS  past,  ihcy  live  moored  lo  rocks, 
sheHu,  scawectU,  and  the  like.  n»cir  motor  activity  is 
alniott  completely  restricted  to  the  lasliin);  inovcnKnu  of 
Ilw  rtajidb.  the  migraiions  of  ilu-  pluniKrytcs.  and  tlxr  con- 
iraclifin  o<  miiscuLir  mcsojiUial  cells.  fs|«>ially  around  the 
eKlulmt  u;"iUiK-s.  In  the  clotiufr  of  the  inlwleiit  jiorcs, 
spooKci  Jxiw  Mmsitivencss  lo  injuiiou*  influences  but  Kow 
far  tilt*  is  Incalisod  in  spccblucd  cells  is  unceruin. 


kEPKODVCTlOH  OF  SPONCBS.  ISI 

The  most  imponanl  fact  in  the  life  of  a  Spoiij;e  is  that 
which  Rolteit  (iraiii  first  ohscrved,  - -that  currenu  of  water 
jioiui  |(«nti>'  in  l)y  the  inhak-nt  (kkcs,  and  more  fwdbty 
out  l^  tht  cxhnlcnt  api^titirc  or  api.-riur<».  This  may  be 
dcmoiislniini  by  adding  ])ow(l<.ii-d  Mrmint-  to  the  water. 
The  inMrcamJDg  cutrcms  of  water  bear  dissolved  air  and 
supphei  of  food,  sueh  as  Infusorians,  Diatoms,  and  panicles 
of  »r|;anic  debris.  The  outfiowiti|;  current  carries  away 
watte.  Wl>en  a  sponge  i«  fed  with  tradily  rccDgnis-iblc 
substances,  sticb  as  caiminc  or  milk,  and  afterwards  sec- 
tioned, the  grains  or  globules  may  be  found  (ii)  in  the 
colbred  endodcnn  cells ;  (b)  in  the  adjaccril  phagoc)'tcs  of 
the  mesoglua;  (c)  in  the  phagocytes  surrounding;  the  ^ub- 
ilcrmnt  si»ace«,  if  ihoe  i:xisi.  It  is  uncertain  whetlier  ihc 
epilhc-litim  of  the  sulHlermal  )i{ince(  or  the  collared 
c'ldodcrm  is  ihc  more  impon.nit  area  of  absorption, 
bot  it  is  certain  tlut  Ihc  ph.igocjtcs  play  an  imporiant 
part  in  en^'ullliig  and  transporting  particles,  in  digesting 
those  which  are  useful,  and  in  fiettinff  rid  of  tlie  nseleo. 
In  an  extract  of  se\'eral  xponjies,  Kntkenbcrg  found  a 
(tryptic)  digcstivx;  ferment,  probably  formed  within  the 
phagocytes. 

Many  s|xingc3  conttin  mud)  pigment,  thus  the  lipochromc 
pigment  (see  Chajx  XXIX.)  monerythrin  is  common,  and 
like  some  ulhets,  such  as  lloridine,  is  regarded  as  hel|)ing  in 
rcs[MTalion.  ■I'he  green  j>igmeJil  o(  the  fresh  waltr  sponge 
is  closely  analogous,  if  nut  identical,  with  chlorophyll,  and 
probably  renders  some  measure  of  holopbytic  ntilrition 
possible. 

Reproducikn. 

Sponge  growers  often  cut  a  sponge  into  jmcccs,  and  bed 
these  out  in  suitahk-  places.  The  pans  icgcncfate  the 
whole-  -a  fact  which  illmlraies  the  relatively  undi/l'erentiated 
state  of  llie  sponge  body.  It  i-t  povtible  that  fission  may 
also  occur  naturally. 

The  frequent  budding  is  merely  a  kind  of  continuous 
growll),  but  when  huds  are  set  adrift,  as  sometimes  happens, 
we  have  diwrmtinuous  groM-th  or  asexual  reproduction. 

In  IIm  6ttk  vam  SpDn|!Uiiil;c  (here  ii  i  ptviitUi  miidc  uf  rrpmdue- 
ikm  \f  tialolilwl*  b(  KMntnults.     .\  iiuTiil>r>  »\  mrMi|:l<iaJ  cvllt  occur 
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ill  »  cliiiii|k  vimr  rotinini;  in  iiilcrna,!  iiintt.  ullicn  >  cninpl«ii  iimtcrtlvc 
cajHiilc  with  cajntnnlikc  ipicutn,  knoK-n  u  iitn|ihi<luBC&  AcconKnu  (*> 
W.  Mimhal].  the  life  hiitoiy  it  u  followt ;  In  oulumn  ihc  i|JO(tge  nintra 
ftom  the  fold  and  ihc  icuciiy  aliooA.  and  din  amir-  Bui  thnn^bcMl  ihe 
Ofibund  pBrrnl  i^nimulo^  ntc  (uiinttl.  The>c  smvirc  ihe  mnla.  nnd 
Apiil  lit  Ma)'  lhc>'  l\oM  niivfiy  fti^ni  (he  dend  |Birril,  Atnl  ilci-elop 
Mo  ncB  sponge*.  Si>inc  liecmnc  »h(iil  lin'il  mnk-v  olhi'in  mole  itnlilc 
'  mnlirt.  Thi;  nva  pioduci'd  hj  the  l.itici  anA  fciiili'icil  )iy  s|H-inuili<(i>a 
Dm  Ihc  ruimci.  dcTcloji  inln  a  tinnmcl  gcncmtion  of  spungn,  wliich  in 
turo  die  nwajr  in  aulumn  and  eJvc  rite  to  pmnmlo.  The  lifr  h»(onr 
(bm  illutUutn  whnl  it  callciT  altcnuilion  of  ([ciietal  inni  (ice  p.  jCf. 
Interiiicii^l  finm  a  utiliiniiui  point  of  virw,  (he  [uriimilan  of  cciiimufei 
i«  a  tile  wiviiij;  ex)>«'<licnr.  .\3  IW.  Soll.-u  tnyt,  "  ihr  |;rininiilet  tcrvc 
primariljr  a  prultrlivc  ]nitpoBe.  cnsnring  ih?  pi-iiittmoc  of  Iho  nee, 
while.  i\  n  ipc»ndniy  function.  Ihcy  icne  for  divpmal." 

All  Sponges  produce  sex  cells,  which  seem  lo  ariNC  from 
amwboid  mcsoglcea  cells  telaitiing  an  cml>ryoriic  chaintitcr. 
Ill  the  case  of  ihe  ovum,  the  amiuboid  cell  increases  in  siw;, 
and  [>a£%cs  iiitu  a  rc^ng  tx^ti ;  in  the  ca^  af  the  male 
eleaients,  the  amitljoid  cull  dindes  into  a  spherical  clusier 
of  numerous  minute  spermaco^ioa.  The  Mtnilar  origin  of 
the  ova  and  spermaio/oa  is  of  interest.  Most  sponges  are 
unisexual,  but  many  are  hermaphrodite.  In  Ihc  lalier  case, 
however,  eitlier  ihe  production  of  ova  or  tlie  production  of 
speimato/oa  osiiallj-  prcpondenitn,  piolnbljr  in  dciiendeiice 
i)n  nnlrilivc  conditions. 

Drvtlf^mtat. 

Il  is  not  surprising  to  find  that  there  is  great  variety  of 
devx-lopmcnt  in  ibc  lowest  class  of  Mctaxoa  i  it  seems  almost 
as  if  numerous  experiments  had  been  made^  none  attended 
with  progressive  success. 

The  minute  ovum,  without  any  [irotective  membr^inu, 
usually  lies  near  one  of  the  canals,  and  is  fertilised  by  a 
sjwrmatozoon  borne  to  it  by  the  water.  It  exhibits  a  certain 
power  of  migration  as  in  some  Hydroids.  Cicvious  (o 
feftilisation,  the  usual  extrusion  of  polar  bodies  ha*  been 
obsei^cd  in  a  few  coses,  and  is  doubtlt^s  general.  Seg- 
mentation K  toL-il  and  usually  e(|ual,  and  rculis  in  a 
spherical  ot  oval  cmlwyo  more  or  It-ss  flagellate.  This 
leaves  ihc  parent  sponge,  swims  about  for  a  lime,  then 
settles  dovm,  and  undecgocs  a  Uirva)  niciamoqthosis  often 
diflkult  to  understand.     It  is  peculiarly  dillicult  to  bring  the 
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history  of  the  f^errntnat  layen  in  SjMnges  into  line  with  that 
other  Metanui. 

(ii)  tn  Ihf  Wnnll  takjiicnii  ■.]>.«ijp-  Sfiatt.ir^ r<ifkania.ssAeKrAxA  \'<f 

v..  Sclmlic.  lliv  tcgiKi-nlalion  triiilti  in  a  hullnvr  lall  of  celii — llw 

iitula.    A  few  cclli  tx  ihclooerpolc  (cuiam  luge,  and  an  6l1o:l  u-ilh 

ilrilivi-  Kiarmki ;   ihc  nihci  cdli  riiviile  tii|)iii]y  and  Ijecomc  ininll, 

>f,   coluiiinni.   mil   Aiic'lali'.      1'hc   lar)^   (^nulof  <ellii  tivfunic 

(■•"ipir-tniy  iiivigiimliil,  furni- 
in|;  wli.-ii  m  »ll(.il  gi  "fund*- 
gai/ru.'it."  This  lea  I'd  Ihc 
twrenl  uid  ihc  gntnulai  cclli 
tijcht  Ihcniulfo,  fomiine  ihc 
[Knlrridr  lirniihiihircc  nf  ihc 
cnilir/Ui  now  rallol  nn  amfii- 
tlmtntii,  ll  tKiTni  for  n  Itfne 
nclivdr.  bill  ihc  floijiclliUc  ccUi 
of  Ihc  nolciior  hcralijihcic  aie 
iiiTnc!n>leil  inlu  iir  •/ictgnisn 
by  the  lari:c  |;iHiul(ir  ctIIk.  niul 
tbiH  will)  M  gcntmlljr  called 
the  gai/ritla  lUge  toiilti.  Ttit 
soon  wtllcs  iloHii.  on  lock  ni 
uawco].  *llh  \\\e  hIaMopore  or 
jpuituln  nioiiih  iJimiKtmik,  anil 
11  iiirincci)  Inr  itiii>eU>Kl  pm- 
ceities  fruni  Ihc  granular  cells, 
which  tikcuiic  ohliicmic  (he 
l>hui«|>nrc.  The  e'^""'"'  "^"' 
liHC  Ihcii  i;iuiiulr%.  ffii  Ihr  liirvn 
h  nol  ycl  (<<ilini; ;  Ihc  nov  iii- 
(cninl  HnKvlla  ilisii^icnr  in  the 
alm^fc  ut  Ilic  ilimulAlitic  waleTI 
n  ine«Q({litn  wiih  ipiciilcj  bef:int 
to  lie  fiiiiiie-1  tietw«ii  the  inner 

Flo.     34.— Develupniciii    of 
St^-tHJ"  mf^Hui.    (After  F. 

tl.  SrimUK.) 

■;  Swiioii  uf  16  iitl  -\att. 

%  ll1a«liiU  wiih  K  cninnlar  »I1« 

i-llEi  itpjiar  hrmUplirn  AT 
n>ii;ilU(<  <vfl«  C/f<X  Afi^ 
lovcf    1<ciiu«plj<rt   of    i;Fvui' 

).  tHUI■^J*  »uj:f  tHllfl  'fovrk 
A<-,<*uicr  Ufcr  (ciiAdimil); 
jiVjk.  tnp«r  1nTv<fnil0<tvmiT); 

inaorihf  junicboid  prwflM*^ 
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Mid  oultt  \nytt,  prubniily  liy  iiii|;mnu  hom  ihe  btlff.  HiM  iM*  db- 
ftdrijitiaeou*  >tate  of  affuin  cuinot  ImI.  Punt  o|icn  thrtNi)'h  ibe 
walU.  ihc  entrance  of  waicr  cnoblis  Ihc  inn«  «lli  lo  ri'on-ci  ibrir 
Aagelln.  and  an  eihalcnl  ijierluic  »  nlplutnl  1,1  ihc  ojipei  pole.  The 
ymini!  ^hjxinj^  It  n«w  in  nn  Auim  mgic,  from  wliKn,  hf  ihc  iiul- 
l-Tuiilti  (.')  iif  llu-  innri  Inyrt  intn 
radial  cluiiiibcn.  il  paua  inlu  Ihe  {lei- 
mftncnt  Srttti  rorm.  ipeyn  into  a  otlin* 
dcT,  and  bccoms  dilVeTentiateit  in 
deuil  (Fie.  J4). 

[A|  In  thiartlla  {Ha/iiaria)  lohdatii, 
■  *]unge  wiiliiiut  »ny  tkricton,  the 
omim  acKmcnl*  equally  into  a  IiUmIiiIu. 
which  il  HB|[eUiiile  nil  'ivcr.  Tliw  fti^e 
twimming  niiii^  may  be  inv.iginatc(l 
from  eillici  iiole  in  foim  a  hcmii|iOicrk»l 
Ipulrulit.  which  ictllci  iii'nilh  tlown- 
wiitilii.  I'oio,  an  dtiuliiiii,  and  the 
nievighi«  uti^  roriiied  m  IicFuic,  anil 
the  iiuiec  layer  Iikodio  folded  into 
flagellate  chambers.  Il  maT  be  h^- 
[aletl  thai  IhU  foldinc  a  iluc  lo  (he 
hl|;hrr  iiiilrilinii,  and  cimncmiL'nt  din- 
jitojHiitii-iialc  f*tuwlh.  of  the  inner 
Uyer,  fur  n  n|>ic]|y  [^wing  uc  within 
one  ul  leu  rauiil  Kiuwlh  muil  bcconie 
folded  on  il«lr|HKiitRR). 

[c)  Anolhci  type,  »ofn  for  Iniiancr 
In  B  liurny  t)xin|;u.  Sfitttgr/'*,  mulls 
in  ■  Ab|^II>Ic  laiva,  whute  catity  o 
filled  U|i  with  what  may  be  railed  hcId' 
tinoui  conneciiix  liuue.  from  uhich 
■ncHDluv  and  cniloderm  lie  IiuIkc- 
quenii)'  dUfereiiliatcd.  Such  a  Inrva  ist 
csIM  >  /MKnifiymal.t. 

At  Ihrtc  arc  nul  all  Ihe  types  of  do' 
vcluiiment  which  occur  ainang  sponecs. 
the  Kencral  fact  it  impiculvc  Ihal 
in  ihii  tnwctl  clau  of  Mcljioa  Ihcrc 
liM  liceii  oonilJcraMc  |il.iMlcity  in 
<tcvclo|imcnl. 


FlU,  55.  —  DinenunniBtic 
icprcwnlAiion  of  dci'doii- 
mciil  (if  Oicinlla  loboUrU. 
(After  flBiiiu.) 


A/-  Fr«  vaiinminj  blwulaviLli 

rliif  111 ;  C  c4«tnilA  — iU*il  ^o-mn- 

Si\\    fik-u'v    iliuikt    fi^Jilioit   at 

I.L'twm  ^ifrf  thotri  r^ltl 
chuniWnlA'.C  V  MnunI'iM  (Jffl: 
I'liiEkliritr  iur«  </*-):  «jibAlfliil  0>fl)' 
lum  {O.y 


Clmtiptalion. 
A.  I'viftnt  Cali^rea,  with  ikelelon 
of  calcarcou*  ipiculci :  — 
Older  I.  —  IlomocDcla. —  Eiulo- 

(Icnii  wholly  compoKcd  of  collated  dagelUte  ccJk 
<<..  Au4lla,  iMUM^ntia. 
Ontv  II. — IIi!ieruovla.--lLndodGnn  con^itli  ti  cullaici]  llaeH- 
lale  cells  in  lodial  lubes  or  chainbcr<«  anil  nf  flat 
cjiil helium  dwwhcic,  c^.,  GraiUi*.  Sycm. 


RfOffOUiCS. 


t^ 


H.  ftrifent  n9n-C«k»r(a,  iltclcton  of  lilica  or  of  ipongin.  or  ot  boih. 

tl)  l1eiiM)inellHla,   with   texnulialc   liliccoui    ipiculo,   canal 

lytlem  nnull]'  umplc,  with  Sj^on  cluimbcrt.    Thi- 

nKmlxn  live  chiclly  in  ilccp  ••■in.  f~x-   Vcnux' 

Fliiwri    llukri  \Suflf(trlta\  and  Ihc  Ulua  KofM 

(a)  ModMuniiia,  iiiEhtiliofouiiipifuleifviludi  ikr<:nDt<)aadii- or 

ici'RidUiF),  Of  wiih  '-homy"  skdcion,  ot  with 
both. 
Older  t. — Monucna,  with  tplculo  <inly,  i^^  Memialil'x 
Ulovn  yCMimt  KulataS,  Cnimli  of    Ilrcail 
Sponge  ( AiiAV^bMnMs  ur  Am^rfAtna  ftiiittD), 
hroh  Watct  Spouse  {Sfomgilla). 
OtAtt  II.— CenuoM,  "  homjr     ipongci  »iih  ot  wiihoul 
mJeulo^  r.g,,  the  Balh  ^jt•mgc  [EmfeHgia). 
(3)  TdracUnelllib,  m>Mt>y  with  quailni Jtliatc  spicule*,  ot  with 
irideiict,  in  which  ■  innin  xhaft  bran  M  vue  end 
three   branclm  <lii-ri)png   al  CQuftl    ftn|tlai>   r-^'i 
Ttfiila,  GtvJiit,  Pii(kymttliima,  PtaUiM. 

There  are  sliu  a  few  tfnni^  (Myxoiponpix)  •rilhout  any  tkclrton, 
pnhapK  iu>iii'4li  uf  prlntilivc  tjjta.{0uiirrua,  lialisarta\  at  dc^radcil 
fMOM  \ChrnJit%U\ 

M'j/tfj'.—SiHiecT*,  a«  i>ne  would  expect,  dale  bock  alnioit  10  the 
bepaning  of  the  c«alopcal  reeonl.  Thus  Ihe  Mliceoiii  PtvUif«ugia 
aociminCintbriiMr(id3,anilinlhi-  nriiKrici'-thv  Silurian ~ih«  main 
puupa  are  alnadj  MprcKOtcd.  From  that  Itine  (ill  now  Ihcy  have 
continued  Xa  aKnirKl  and  vary. 


BioHomiu. — Spoiiccii  are  )ivin}t  ihickcts  iit  which  in.-ii)}- 
limaU  animals  play  hide-and'Hci-k.  Munyuf  ihc  iuMucinlions 
arc  pmciically  contlnnl  anil  harmkss,  hut  some  liurrovring 
worms  tlo  ihv  s|K>ngcs  much  dnrnngi^  'I'hc  spicules  and  a 
frttjuernly  strong  wstc  or  odour  douhttcss  save  sponges 
[rora  being  mnn:  molested  than  they  arc ;  the  numcroua 
phagocytes  wage  successful  war  with  inirudlni;;  micru- 
orgimutns.  Some  sponges,  such  as  Cliont  tin  oyster  shells, 
arc  borers,  Bn<l  others  smother  fonns  of  life  a»  passive  as 
tbeowdrcs.  Several  crnhs,  such  as  Dromia.  arc  masked  hy 
growths  of  sponge  on  their  shells,  and  the  free  transport  is 
doubilcM  advantageous  to  the  sjwngc  till  the  crab  casts 
its  shell.  A  compact  orange  coloured  sjionge  {Su/vrifes 
iLimuiuitIa)  o\  jieciiliar  odour  often  grows  round  a  whelk 
•hell  tenanted  t>y  a  hermit  crnh,  and  gradually  eats  into  the 
shell  substance.  Within  several  sponger),  minute  Alga:  live, 
like  the  "yellow  cells  "of  Radiolarians,  in  mutual  [Hirlner- 
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ihip  or  armbio&is.  Finally,  sponges  dc&ctrc  mention  as 
roaora  In  human  civitinalion. 

Ge»eritl  /imicgiial  Interest  and  Piisitian.  -  Sponges  haw 
ihis  great  interest,  thai  (hey  f<>rm  Ihe  (im  i.uco:3)irul  cbss 
of  MvLuoa.  '['hey  illustrait  the  beginnings  of  a  "  Ixidy  ' — 
tlic  beginnings  of  tissues.  Along  with  the  Coclentcra,  from 
which  it  is  the  almost  unanimous  opinion  that  they  must 
be  held  distinct,  they  differ  niJitki'dly  from  the  triplobUstic, 
Ccelotnnle  Mua/oa,  which  di>  not  ii-tatn  the  radial  symmetry 
of  the  gostrula. 

Their  origin  is  wrapped  in  obscurity,  though  there  is 
much  to  be  said  for  the  view  that  they  arc  the  non-pro- 
gressive descendants  of  primitive  gasimb-lilce  ancestors  of 
sluggish  cnnititution.  It  duu  not  seem  likely  that  they 
have  led  on  tu  anyiliing  higher,  iliey  rather  rejiresent  a 
by-rond  in  Mctaxoan  evolution. 


MSSOZOA. 


»«J 


AP1>EN1>IX  TO  SPONGES.      MESO/OA. 

The  title  Me«Moa  was  applied  by  Van  Baieden  to  some 
very  simple  orf^nisms  which   ap|>ear  lu   occupy  a  very 
^bumble  pcmtion  in  the  Meiaxoan  Heriea.     The  tiaiiie  sug- 
tu  ■  grade  tivtwc-en   ihe   Proloxon  nnd    ihe    Metairoa. 
kel  called  Komc  of  them  Ojistrxadx,  regarding  ihciD 
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slight   modifications   of   the    hypothetical  gaBlrula-like 
ancestors  oi  tlie  Meuuoa,  while  Haischek,  aimpuring  them 
.  to  precodouily  reproductive  planuln;  !({x:ak.s,  o{  them  as 
^anuloida.     It  is  al.'io  possihk-  that  sumc  of  them  may  be 


parasitic  degenemtions  of  Turlielbrian-like  wotdk.     It  will 
be  enough  hew  nicrciy  to  notice  four  t)r|>es :  - 

paruiln  in  Ophalopoili :  the  body  con- 
atU  «r  a  cilinlcd  oulet  kycr,  cnclosinu  a 
iJnelc  multinuflcaie  innd  cdl,  witnin 
which  q3!*!ikc  ucrms  devctoix  apMrcntly 
trilhout  h-riiliNiiion,  into  dlmorirtile  eni' 
bryos  [ttr  Kig.  j6,  A|. 

(1.1  Oilboncctiiiit  (tj-pc  Jfk>f«Juia) 
occur  »»  parosiics  in  Tuibcllntiuis  Briiilc 
(Unkuiil  Nemenami:  Ihc  body  >!< ilighlly 
cingcH,  and  conusU  nS  a  ciliaiol  iniicr 
hyci,  ■  tnhjncctit  ihcaDi  o(  iimlrnirtilc 
fibii-i,  aiirl  sii  iiui'riml  moos  of  cclK  aniim^ 
which  ovn  and  ■pctnulcutoft  ijiivar.  Thu 
icxct  mc  Kuaraie  and  dimaiphic  [ttt 
Fig.  36  B.I. 

{3.)  VtafiMm  F.  E.  Schulic  hix*  dii- 
covttctl  a  unxU  iimtlne  or|;>niiim — 7'ft/i*- 
/iu-  aJJhTTfni—in  ihc  f-imi  o(  a  (hill, 
/*«*  layered,  vxlcninlly  cilinlcti  pbli- ;  and 
Monlicelli  rceoidt  a  umiloi  foim  untkc  itiv 
lltle  Trtflaplax  adkarau. 

(4.)  Profeuot  J.  Frcniiel  hju  dbcoicrcd 
in  lirini  wlutiunh  a  niinulc  TnrlKlUuiiin' 
like  organism— J«//"w  Wo  mi'iw— wliuw 
liody  conniit  ol  011  layer  of  cells.  Thnc 
U  an  Bnlctuir  moutb,  h  ciliaied  Ibod  caxiX, 
asA  a  p<,Blcrii>r  nnni.  The  ventral  uiilice 
k  finrly  cilialrO.  ibc  (ctt  of  Itic  Cctli  btsn 


ahiirl   hri*lli>,     I'lii'  aniniAl  rvpniducct  tiy 
'     "  "  ■         '  ,nd 


F'K-  37. —Sal in cl la. 
(After  1'iir.s«;t,l 


Inns  wise    liMiun,    but    cunjiiipttion    am 
encyititiuD  alto  occuii     The  larva  is  uni' 
cellular. 

Thoc    fonni    are    obriouily    of   much 
intcfdl  10  ihoKc  oho  (niwlcr  over  Ihc  po»ibte  oatuw  of  the  eailietl 
iniilliecllular  animals 


•nmi«  -.  /,  pcBiova. 
t.  Tr»unn>  vKIHHi. 


CHAPTEk    IX. 


CtKLENTKNA. 


CiUh  >  CTBHOnClU- 


Ctmti  Itl.  CrUMitno**. 


Thk    Ccelentcra  —  including    zoophytes,    jelly    fish,    s6a 

anemones,  coraln,  niiil  the  like — furm  a  wry  large  series  of 

,  AcueUMnate  McUioa,  it.,  uf  multicvilubr  unimal»  wiiliout  a 

I  body  caviiy.     Thdr  simplest  rorms  aru  not  much  above  ihc 

level  of  the  simplest  sponges,  but  (he  scciv-s  has  been  more 

^  progreuira.    'riiu)>  niaiiy  illustrate  the  beginitin^^  of  definite 

^Otgant.     [n  ilicir  variety  they  seem  almost  to  vxhuutt  the 

poMiliilitict  of  radial  symmetry,  and  kork  ty|tcs  mny  be 

regarded  as  pioneers  of  the  yet  more  progressive  bilaieral 

"worms."    Many  arc  ver)'  vegetative,   deserving  the  old 

name  of  »)ophytes  (which  should  rather  be  read  backwards 

— I'hytOKn),  and  in  iheir  budded  colonies  afford  niort  in- 

^jteitMing  illustrations  of  organic  co-operation  and  division 

t)f  labour. 

G«n<r\tl  Ckantden. 

The  CeeltHkra  art  $mf>le,  usmi/fy  nmrint,  fiirtHS  in  wkitk 
Ikt  f^rimixry  teng  axis  oj  Ihi  g.istrula  h(e-»m<i  iht  long  axis  of 
the  iiJuit,  whifM  it  a/mfSt  altvayi  raJiiillj  symmtlritat  alvul 
this  axis.  Thtrr  ii  no  My  cavity  or  oHome,  Jittind  from 
Iht  frimilivt  dii^tslixt  cavity  (tnftron)  and  its  <»ilgrattiihs. 
Jn  the  iewer  mtm/trs  of  Iht  itritf,  tht  primary  oftntHg  of 
this  cavity  btcomts  Iht  mouth  af  the  adult,  hut  in  tht  more 
if'ttialiud  typti  thtre  ii  an  (ttlodermiti  oral  invagination, 
whith  /arms  a  guild  tult.  fftftvren  the  edaderm  and 
tndudtrm  oJ  tht  body  veall,  there  it  ii  wffifrliig  layer,  or 
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mtsag/irit,  oj  jtUy^likt  (fntiskiuy.  In  Iht  flm/Uil  msti  tfih 
is  quite  Jefiiii  aj  ctllSt  /'ut  stiontfitrify,  lAtse  may  migratt  imia 
it  from  the  endoderm.  Stinging  aih  of  varying  a'mpUxity 
are  almmt  imntriahly  fretenl,  iut  in  most  members  of  iht 
{lass  Cttn^phora  they  are  modified  into  aJhetixx  telh. 

The  Or/entera  rxhitil  tw  diixrgenl  types  ^  sfruftnre, 
irhith  rtfur  (onilanlly.  in  nuKfifitJ  forms,  Ihrmgliout  the 
group,  and  may  ewn  A*  hith  present  in  tht  (oursf  of  ane  lift 
history,  when  they  Ulustrute  the  phenomenon  of  alternation  of 
generations  or  melagenefis.  Of  the  tiro,  tie  more  primiliX'e 
type  is  the  sesiile  Inhular  hydrmd,  tt'hieh  may  he  eompareJ  to  rt 
gtiftmla,  fixed  A»-  one  end,  and  furnished  with  a  •nni-n  of 
lentaeles  plated  round  the  eenlrnl  aptrtnrt  ff  the  other  pole. 
The  other  derived  form,  tvhiih  has  hteome  spedalised  in 
Farious  direetiont,  is  the  txetive  medusoid  or  jelly  fish  type.  In 
tetvnil  ditfisiom  the  formation  (/  rt  ealeareons  *•  tteletmt"  by 
the  hydroiJ  type  may  result  in  the  prcduetiem  of  "torals." 
Muttiplifiition  fy  hudding  is  (omman,  and  if  tern  results  in  the 
/ermation  of  eohnies,  some  e>f  tvhteh  shatv  temsiderahle  divi- 
sion of  labmr. 

The  preservation  ef  the  primary  axis,  Ike  ahtenee  if  Ime 
mesoderm  and  of  a  etelome,  are  often  said  la  distiagitish 
Cerlenttra  and  Sponges  from  other  Metazna,  or  Valomata, 
fml  the  results  of  rteeni  resettrehes  on  the  nature  if  the 
mesoderm  seem  to  nth  this  dis/iiution  of  part  of  its  prttision. 

Ventral  SMnty. 

The  CctlcnliTa,  or  "Ncitic  animalB"  of  llw;  Germans, 
include  n  lar^c  number  of  fantilinr  aitd  l)e.iiitiful  forms  of 
life.  The  (graceful  xoopltytt:^  which  fpiiiKC  s.tii-lli  acid  siodcs, 
and  the  tiny  uanxpiiTLiit  l>L-ll!t  which  flout  in  the  jimoIi  ;  ihc 
sea  niicmoim  whirh  cluMur  in  the  nooks  of  the  ntcks,  and 
the  active  jelly  fish  whith  swim  on  the  waves,  are  Imt 
diflercni  cxiircsion?  of  the  antithesis  so  cha  met  eristic  of 
the  series,  and  itlusirate,  the  former  in  [he  cbss  Hydro«M. 
the  taller  in  lh«  ScyphoiMKi,  the  two  physiolc^ical  tendencies 
of  the  Cielentt-r.i.  The  delicate  irridwoeni  Kkibes,  which 
re[ire!.enl  thi;  third  Hnss,  the  Cienopliorn,  illustrate  the 
dminx  of  activity,  for  among  them  there  is  no  sessile  hydrotd 
type. 

10  our  surrey  of  the  scries,  however,  we  must  pass  over 
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iese  familiar  types,  and  Ixrftin  with  (he  little  fresh  water 
Hydra,  which  is  often  lo  t)e  found  attached  to  the  Stems 
and  li-jvcs  of  water  plants.  'I'he  stniciurc  here  is  vxtremely 
sinipic,  liut  ihc  simplicity  is  probably  due  to  dcgcn<:ration. 
This  Hydrit  was  firel  described  in  1703  by  Ixeuwcnhuelt, 
and  was  studied  t>y  some  of  the  older  naturalists,  such  as 
R<>si;l  von  Koitenhof  nnd  the  Ablrf  TTenil>!ey,  with  much 
eagerness.  In  favoutabk-  conditions  it  may  Iw  frequently 
observed  giving  off  daughter  huds,  which  remain  fur  a  time 
attached  to  the  parent,  and  ihcn  sep.irnic  as  indqwndent 
ffydra.  The  bud  itself  K-fore  leaving  the  parent,  may 
:ilsii  bu<l,  no  that  three  generations  are  pn-sent.  If  we 
sup[w»e  this  process  of  gcmmaiion,  combined  with  im|HT- 
foct  separntion  of  tht  units,  to  continue  indclinitdy,  wc  can 
understand  the  formation  of  hydroid  colonies,  such  as  the 
zoophytes,  where  the  colony  is  supported  by  an  organic 
axis  of  varyin({  complexity. 

The  mcnilMT*  of  sixrh  a  eoUttiy  wotilil,  howcvt-r,  with  an 
exception  which  we  will  consider  later,  W  all  similar  and 
etiuivaknt,  and  this  is  by  no  means  true  of  all  liydioid 
colonics.  In  Hydraaima.  for  example,  which  is  common 
on  shells  at  the  shore,  the  colony  consists  of  polypes  of 
varied  structure  and  function.  It  may  l>e  that  these  differ- 
ettces  njc  cauK-d  l>>-  dilTerenei-s  in  nutrition,  the  fact  at  any 
rate  is  that  some  of  the  polypes  are  nutritive  "persons," 
like  I/ydnt  in  appearance ;  some  arc  mouihlcss  f(;[«oduciive 
'■  jicrsons,"  which  |)rDduce  sperms  and  cgjis.  and  so  eventu- 
ally start  a  neir  colony;  others  also  moulhli:ss,  arc  long, 
slender,  s«-nvlivt:,  and  atnimUittly  furnislit-d  with  stinging 
cells ;  while  the  little  protecting  spines  at  the  base  of  the 
colony  may  jK-rhaps  be  abortive  "  persons."  .■MI  ihtne 
polypes  are  united  by  connecting  canals  at  the  base,  .md 
all  arc  fed  at  the  expense  of  the  nutritive  "(icrsons." 
/fydractiaia  thus  exliibils  division  of  laboiir  among  the 
memlK-rs  of  the  irulony.  and  a  tendency  towards  this  is 
common  iit  the  LVelentera. 

If  wc  now  return  to  the  simpler  zoophyte  colony,  we  find 
that  this  tendency  can  he  reeotjniscd  even  here.  I.ifcc 
tfydractima,  the  colony  nt  intervals  exhibits  reproductive 
'"iwrsnns,"  dilTiTcnt  from  the  ordinary  |n>])]><.-s.  These,  as 
in  llyilrailiHia,  may  l>e  sessile  and  moiithless,  or  they  may 
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arid  n  lim«  b«cotne  detniclied  and  float  vmy  ts  delicate, 
pulsaliitg,  swimming  bctls.  These  summing  bells  are  nute 
and  ft'malc,  ihtry  give  rise  to  male  aiid  female  elements,  and 
so  lo  embryos,  which,  after  a  lime,  settle  down  and  form  new 
zoophyte  colonies.  This  is  an  instance  of  lite  phenomenon 
of  alternation  of  gcnerationK  {see  p.  55). 

Ag.iin,  just  as  the  predo  mi  nance  of  passivity  is  exhibited 
in    HyJrMtinia   and    sotne   zoophytes,    where    the   active 


PlCh  jS.— Diagtam  of  Octcniraiic  dnicium  rniloikrni 

(ItLfkcr  ihtoughout. 
1^  Tolvf<.  iXi-i*\  lcpi^t;ilutti<ial  trfiujci  of  Hf^lFa;  Ktifht.  uf  Sea 
t,  T^1aft,hhiivtciw»t-ii»kt  4>f  llylra;  loFiBhi.of  ■Mjmncfnvn^. 
tvJiuii};  10  Hjthi,  of  Ai:DAp«di>i4  >l<<4iuiv  wjibi>ui  i4Lutn-    e,  C(H ; 

Kou  wuU<HiiIc«l  (onniuuilciKc  0'  Ibt  polyp*  uid   nialmuid 
ftitink. 


fWHtMOiOg  bell  i!i  left  oui  of  the  life  history,  so  th«  jx 
domillKtlOe    of    activity     is    ex  hi  In  led    in    the    perinanc 
medusoids,  r.f..  OVrvi^n/ii,  where  the  colonial  hydioid  stage  J 
omitted,  jnd  the  embryo  becomes  at  once  a  swimming 
J'malty,   the  niedusoids  themselves   may   become  colonbj 
and  we  have  aaive  ftoaiinj;  colonies,  like  ihooe  of 
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Poflugese  man-of-war,  which  show,  on  a  different  plane,  na 
mucli  divkioti  of  ial>our  as  HydraUinia 

All  lliese  tyjKS  )n^loii)i  lo  the  cbva  Hydroxoa,  hul  the 
*ame  general  ctinclusionf  spply  to  (he  next  cl»»,  that  of 
the  ten  Rnctnom:  nml  jdly  fish.  The  jt-lly  fish  present  a 
strong  gi:ncral  rcscmhUncc  to  the  mcdusoids,  but  arc 
separated  from  thcni  by  iheir  usually  grratcr  sijtr,  as  well  as 
liy  greater  conipleviiy  and  distinct  anaiotnical  dilTcrcnces. 
It  is  in  ac<!ordn:)<:e  with  this  iiicnsiiwd  <;om[)lejiily  lliai  the 
allvmation  of  a<:livc;  and  pas»ivi;  formii,  though  ax  teal,  is 
lew  Dt>vioiis.  Vet  evt-n  here  wc  find  one  type  {Ptiagia) 
always  locomotor,  another  (Aurv/ia)  whose  early  life  is 
sedentary,  and  oiheis  ( Liioernarians)  which  in  their  adult 
life  are  prudcmiinnntly  passive,  aud  attai'h  themsch-es  by  a 
stalk. 

The  sen  anemones  and  their  numerous  allin  may  Ik: 
regarded  as  bearing  a  relation  to  the  jelty  lish,  soini.-^>i-hat 
similar  to  that  wliich  the  hydrotd  polypes  bear  to  the  s«im- 
min^;  bells  (Fig.  38).  They  are,  howe\er,  tniich  mote  com- 
plicated in  Mniciurc  than  iht^  hydtoidN.  Siin|)le  forms  are 
muth  eommoncr  than  in  ihc  Hydro7oa,  Imt  the  colonial 
type  is  nevertheless  very  frcqutnt.  The  colonics  may  be 
supiwried  by  an  organic  framework  only,  hut  very  com- 
monly there  is  a  tendency  to  aeeumulale  lime  in  the  tissues, 
whidi  results  in  the  formation  of  comix. 

Il  aity  tic  wctl  10  Hole  hare  eipticitiy  ihai  vaiiuus  |>ii1}*ikhJ  lypm 
Niiy  form  coralt.  In  furl  ihc  (ornMioD  nl  a.  fraimework  of  carbonate  of 
Unie  m»y  (>«  regniilcd  m  ±n  ctpiadm  of  the  KdcnUity  eonalitulbn. 
The  mrtn  itniiorunt  iccf  Inilkllni;  cnrtilt  uc  Induded  in  ihc  .Scypbatna, 
Inil  aiiiiinu  ihr  HyilKiua  ihe  Millc[>um  (nrm  vmy  c>j|i«iilcnil^  Unic 
thralhril  oilimin. 

The  omli  pmcnt  many  juulilemi  of  creal  inl«tesl.     How  ilu  thty 

SI  Iheir  mtbon.nir  of  hmc?  It  that  MH  porticuhrly  tinirulant  abmit 
c  tetf*.  of  »  Ihcir.  »i  [nine  *inl  Muimy  "IK);«^.  an  inirijrlioil 
IxlVKvn  tlic  niittL-  |K»]iii'it  i>r  (he  |«iI)|k>  »ii<1  Ilic  tuljihiilv  rif  lime 
iliiinOntii  in  tr»  naloi  ?  On  mhul  il"  ihty  fcul?  On  lln-ir  luii^lii  ]•%• 
moiilKi-i  llKk*i)0  ■"■^ciK  rii.iMc  Ibnii  to  uliliie  coilunic  nM  ilrr 
ihe  naitinifr  i>(  plinKi*  NVc  miy  ihink  alio  of  the  itriiec'<'  ^"^  umAiixg;- 
looDi  tnumi;  thi-  cunl  |iuly|)ct,  nml  of  ihc  iinicRlc  far  ciikicncr  niiuiriK 
tlir  nu»y  lidi-htly  r->liiiit<^l  iiniinnk  which  tidiWM:  iiul  hiilr  iiii  ihV 
rrtl. 

FitMiUy,  ita  the  corals  are  iwedominonlly  powive,  so  there 
is  a  climax  of  activity  in  the  Cteiiophorcs,  which  move  by 


rw. 
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k>  ht  tta  uwwi  Myi*k  phot,  often  fc> 
llHmda*dtar*dwdk«cedlal.  U 
wytawini  H  adi  in  kagrifc.  bm  it 

hMthni  as  K  iKnOe,  and  contncts 
I  MHO  a  iBKnac  kaoK 

I  Tb«   antmaJ    iwap   iu    body   and 

I  InUrka  in  tbc  waiet,  tad  it  can  abo 

I  loeaan  iti  buc,  tift  iitdf  by  iu  teo- 

I  HCiea,  MmkI  nn  in  head,  oc  creep  bjr 

I  Icxiiftnfi  movctnenu.      Usually,  bo«r- 

I  irvrr,  ir  fmkn  a  (juict  life.     It  feed*  on  xnull  organisms, 

I  witkh   urc   (uraljnKd   or   killed    by   itini^ng   cells   on   iIm.' 

^^^^^lanUi-tn,  ami  arc  «wn>t  into  ihc  tubtibr  cavity  or  ihc  liody 
^^BB^Iw  Ihft  nt'itiin  gf  Augclla  on  the  internal  cdU.  Sotnetimeit 
^^^^^^^IrniilR  aa  brxc  ai  water  fleas  (t-g.,  IXipiima)  are  cautthi, 
^H^  il  "I  inn  di|p;«t4.-d.     Infuwrnm  (Ku^iolts,  etc.)  arc  often 
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keen  w.-uidoring  lo  nnd  fru  on  the  surfncu  of  Ihc  Hydra,  tmt 
iticKc  woiilvtl  visiion  <lo  not  scl'HI  to  provoke  the  stinging 
cell§  lo  anion. 

So  simple  is  Hydra  tlul  a  cut  olT  tentacle,  or  a  rragmeni, 
ctiniaining  3ain|>lcs  of  the  viiriou.s  kinds  of  cdls  in  ihc  Itody, 
and  not  too  minute,  nuy  grow  into  nn  ciUirv  iinimiil.  'I'hus 
the  Hydra  may  Ix;  niiihiplicd  liy  Iwing  cut  in  pieces.  If  the 
atiimnl  be  turned  inside  out  (a  delicate  ojKT.ilion),  the  status 
tjito  is  »ooii  restored.  The  Abbe  Trcnibley  who  first  made 
this  experiineni  thought  that  the  out-turned  inner  layer 
or  endoderni  a.iHumed  the  ehnrarten  of  the  outer  layer 
or  ftriodenii,  nnd  that  the  inttirneil  teloderm  asxumetl  Ihe 
diaracieis  of  endoderni.  Hut  thit  is  not  the  use.  liilhcr 
the  animal  rapidly  rights  itself  by  turnin)-  ciilt&tde  in,  or,  if 
this  be  prevented,  ihc  inturned  cetodcrni  disappears  intem- 
alty,  and  by  growing  over  the  out-turned  endoderni,  from 
the  lijis  downward^,  rcston:!  the  normal  state. 

In  favourable  nutritive  conditions,  the  Hydra  forms  buds, 
and  on  these  a  second  gencr.ilion  of  buds  may  he  dcvch 
oped.  v\  check  to  nutrition  or  some  other  influence  causes 
t)ic  liuds  to  lie  «et  udrir't.  Be?iid»  ihix  asexual  mode  of 
mullipliralicin,  the  usuiil  <exiul  repToduetion  occurs. 

(jfnerxtl  Slructitrt. — The  tubular  body  consists  of  Ivro 
byiTS  of  Cells,  r.r,  the  animal  is  diplobbstic.  The  cavity  is 
the  gut,  and  it  is  coniinuous  with  the  hollow  icntades. 
These,  when  fully  extended,  may  Ite  longer  tl>an  the  \it>d.i. 
The  mouth  n  xligbily  mised  on  a  disc  or  hypostome.  Of 
the  two  layers  of  cells  the  outer  or  ectoderm  is  transparent, 
the  intK-r  orendodcrm  usually  contains  abundant  pigment. 
On  the  tentacles  especially,  even  with  low  power,  one  can 
sec  numerous  clum|M  of  clear  ttrngin^  cells.  11)e  male 
urpinsappcnr  an  ect'ideniiic  protuberances  a  short  dif<tance 
U'low  the  Ittse*  of  the  tentacles;  the  ovary,  with  a  sinnle 
0\'um,  tk  a  larger  biilipng  further  down.  Doth  male  and 
female  org.ins  may  occur  on  the  umc  animal,  either  at  one 
time  or  at  different  times,  but  often  ihey  occur  on  diffctenl 
mdividuals  The  buiN  have  the  same  ^Irueiure  a:t  the  jKirent 
body,  hut  in  oH|jin  they  a|i|><r.)r  lo  be  wholly  wrtodermic. 

AfiHuU  StrfilHr*.  —Tile  (Milcr  Uyrr  t*  cdiiflerm  iiicludn  (he  rullow- 
iiiK  itiiSmni  klnilt  of  nik  i— 
III  Lai;;e  cuverinc  or  cpithctUI  etIU.  *illiln  iir  bdwocn  tomo  of 
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which  lie  ihc  itir^ng  nllt.  The  niilhelial  rrlli  are  loinvwhal 
tonial.  broader  nlcmally  iban  inimiafl].  ani  in  the  inicrqiaico  lie 
riiicnIiiUI  fctU.  Bjr  ccclain  mcihods,  a  ibin  AatA  can  be  pcdcd  oA 
ihc  «>iriiHl  tuiticc  ciT  ihc  Kiodtrin  oelh.  Tha  it  >  lulit.'tt  i.f.,  a 
|>citlrla  tM>  Imisct  living,  iirmlurrH  \rf  ihc  unibtlying  cril«. 

1 1^1  Manjr  oT  lh«*c  Iue?  cirlS  hav«  conincliic  boa]  pnmm,  or 
roou.  lunninc  gmalltl  to  ihc  long  axii  uf  (lie  bodv.  ana  Ij^inE  <>■>  * 
midillc  lamina  nhifh  scptnla  Mioilcna  from  cfMkidcrm  It-q;-  ¥^  l^l- 
The  nil*  ihmibclvrt  nic  cimtraclilc.  tiM  there  ui  tpeclal  ccHiliaclilkjr  IM 
Itw  roMh  Llltv  the  niiiwle  nlU  'irtiij;hr(  uiinuiK  ihcy  (xoilraci  nndn 
certain  ilimuli,  snil  arc  nftm  r*1le<l  "  nvutivniUHrulv. '  tlul  ihr  diH- 
(otcTf  <)f  tpnrial  nerve  cellt  (Jickeli)  ihows  thai  i-vcn  in  Hfdta  lbc«r  is 
a  dilietcniiation  of  the  ivo  Ainf  lions  of  coninKtility  aod  jniubilitjr. 

tl.1  ^iInnll  >linging  cells  oi  tniilolilajitii  <ioclu  abunilonlly  on  the  upper. 
jiaiUi  (if  ihv  Ixxly.  e*|>ccl*l)y  nn  the  Icncaclok  Kach  n>aluni  a  pro- 
inulhle  tiiiiciiirr  falli-d  »  nrmaioml.  Thi*  cntulti*  oJa  larl,  the  neck 
(■r  which  it  douMcd  in  ai  a  pouchi  umally  bcariiij;  internal  twlia,  ami 

Ctungtd  into  a  lon^  hollow,  ipirall)^  coHed  filami-nt  or  lano^  This 
o  ii  bathed  in  a  fluid,  nronmably  poaionoiu.  Toe  ii  ii  able  to  paralpc 
>mal1  BDimals.  On  il>>  free  turGice  the  iiineini;  cell  luualty  bean  a 
dclime  "iRE'^  ^'l'  "'  •'nidnrlt.  Uniln  i4lnii)l\iv  khrthrt  ilireeily  fenn 
the  outudc  vr  fiinn  a  iicivi'  cvit,  l)ic  cTLiiMilaM  coiilrKts  and  tlic  piomrc 
of  Ihc  fluid  ciiun  ihe  fimfilile  CTBginalion  of  the  taibtd  poiich  and  Ihc 
lang  latMX  ItcMtlei  the  oidinaty  ilini'inE  cell),,  there  are  other*  of  miall 
tfjK  which  du  nrit  tccni  lo  eiplodc. 

<3.>  Scnitcrcil  ulmiil  tlicn-  arc  niiiiiitr  wrvr  o'li*,  nilh  fitif  coilnctf- 
lions,  npc<-ial1r  with  iltc  niuu:ulaT  and  ihc  ititi);iii)i;  ci'IIa  iKic.  40,  B>. 

(4.)  Small  intcrililial  or  inditTcrciil  unils  fill  ii|>  chinki  in  the  ccio 
demi.  and  uxxa  lo  grow  inlu  rcproduclive.  uinging.  and  other  cells. 

IJ.)  (iranular  glunilular  iieitt  on  the  lawl  Jiw  nr  "  Cool  "  pnilialily 
*MrclT  A  glutlnuut  H]lAtAiicr-  Thry  arc  also  ttld  In  jhii  <iut  ptcuclojwilis 
And  to  Inm-e  the  aniinal  ihiwly. 

I'he  iiinei  layer  or  etiiludtrm  ii  Icm  varieil  in  slructure,  ai  is  lu  lit 
eipct-te<l  from  ibe  fuel  thai  it  ii  noi.  like  the  cciodi-im,  tvpmcd  to  tl>e 
valj'ing  anion  of  the  eniiionmenl.  lit  cells  are  pigmenlnl,  often 
neuo)ale<l.  and  mosi  of  them  are  either  llnt^llale  or  amccbciltl.  The 
jiigmcnl  lioilie*  in  U.  ftriJii  »«<-n>  riiiii)urjbli;  lo  Ihc  chlorophyll  oov- 
jniidnofplBnlt ;  in  //./»>,-■>  ihry  are  bnmnith and  without  chloro)ihyll. 
The  aclii'e  lathing ol  ihc  &a|[clla  canics  cuttenis  which  oaft  fiwil  in  and 
waste  out.  If  jottie  *tiib11  animal,  siung  liy  ihc  tmiaclc*.  ii  thus  waited 
in,  il  rony  lie  diicclly  enniilfcd  liy  Ihe  am't-lioid  p(oc«a.cs  of  toinr  of  ihe 
cetU,  and  i(  has  lin-n  nfiliml  thAl  thr  umc  tvll  nut)'  lie  ai  tint  Itine 
floffrllalr  anil  al  iniilhci  hnic  imxlvihl  Uf.  Ihc  n-ll  r) <*]•■.  i\  97).  After 
thit  ititecl  alHiipli'in  Ihc  f-iml  n  iligcslcij  wilhiii  ihc  relit,  and  wt>il< 
aomv  of  ihe  dutk  granules  tecii  in  iboe  cells  may  \k  dcconipoied  pig- 
mcml  fjodies,  uthcii  seem  10  lie  (larlicics  of  indigestible  .i'*'".  Thus 
tlpliti  llliutnilts  whit  i>  rnllcil  inlnicellulnr  digi-tliuii  (T.  J.  I'jiiker), 
Mich  a*  ucciiii  HI  S|i»i)gcs.  uinii-  iillivi  Ovlcnlrra.  ami  some  um|de 
"  trarmf."  Bui,  according  lu  Miw  Gicrnwiiod,  ihe  fiKid  i.  ili|Kklcd  in 
Ihc  fill  cavity,  and  sulw^uently  ilisurl-ol.  I1  vertm  likely  that  IfOth 
iiUnocHiilH  and  <xlra«llular  digniinn  occuf. 
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S«aie  of  die  tnArAcm  ivllt  hivr  niuiiruljii  rant*  like  lhn«c  of  ihc 

itialem.     Ttiey  li*  I'D  rhr  iniin  kUIr  n\  ihr  nililinr  Iniiiiria,  in  *  vnm.- 

rr»<  "f  rircuUi  (IlKvliim,     A  few  cclU  near  ihr  moiilh  anil  Uwr  are 

eiilvil  ■»  gbfidalai,  and  Ibt  prncncr  o(  a  fen  tiincine  cclU  hoi  Imn 

ilnL  llMudi  MMlc  wGROt  tluC  ihe  U>I  me  iliicharKcd  ctiwlennic 

MicytXt  BliKh  have  Uen  iwalbnveil. 

plUc  '>o  wh  ilitt  of  wliich  lie  llic  miiKular  looct  of  eetmleiinii;  anil 
Midoileniiic  crlUfKi^.  40,  I>|. 

\\  b  hiMiitKalljr  tnirrc^tini;  In  notice  Ihc  impotUnl  Ue|>  which  "Xk 


Li 


rm.  ^— Miwlc  ttnicliire  of  Hydra.     lAdcr  T.  J.  I'ahker 
atiil  Jii:kku.| 

.'■  ■*  ' ,    I  |.r  ■,      .If.  tilnglnccill ;  /W. 


I'.  M«is«t«kl  tO^<  •> 
K.  IK/,  aiiwaliii  nil  - 


"   r te>. 


jtboi.  in  iK^Ql  llstley  ilcliiiiTcly  cmiraieil  ili<-  tivtior  antl  itinFi 

_, lirf  the  Orlcnicra  kiih  iheepiblaM  iinil  tiyiwlilast  wliii:h  emlinxi- 

Wm  ware  l>ccinntn(;  Ic>  ik-nioniiiiiie  In  the  (tei-claititieni  of  hi|;her 
MMk.  K<K  HUIE  aflcrwariK  Altiimn  applied  lo  ihc  Iwo  layer*  of 
llrdn^da,  Ihc  imn*  gniKtci-in  ami  ei»loilciin. 
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The  (lit-ition  of  Uluut  niiKini;  ihir  crIU  cif  lijrJia  it  nol  vi-iy  hlikl. 
but  alfinul)  lliv  csKOIutl  ctiDni>:(Eri>lict  of  vcl'Klvtni  aii-l  *n'li>itctiii  »tv 
cvideni.  We  may  siiiumaiiK  ihiricas  lulluws c-im piling  ihcm  wiili  the 
duraclcrluict  oFcpililiuI  and  h)'|iublatl  in  higher  aajoinli: — 


OVTIll  Lavu. 


HcmstlK 
Uwda  (■lit,  «c 


Mkdiilii  L*vu. 


Ihimi  Lmib. 


Tht  nidiKlim  f«ni»- 
odkftc 


Tbc  mcwfatul  (rf  hiclio 

Afiimal*  (wc<iirrA  mMiciilaf, 


>/  hi(hn  aninnU  >1m]r> 


Hw  cnWyonic  cfJUiM 
Vf   hl^rr    KhTmil*    tfnm 

71l«  KtpnJuettvt  Orgami, — (a)  Fium  iiciis  of  reiyuicdfy  dividing 
InlcnlllUrnlU,  itvctil  U-io)  ilmptc  male  oiguii  oi  Inin  nrc  tnrmcJ. 
'  K4ch  i'i>i»j«iii  mcwly  el  s  clump  of  nmic  elviiiRntt  tn  KpcniuiloWMi 
U'uiid«d  )iy  IK*  iliMCiidtol  Kl>Klcn»,  Tlifough  ihit  tlic  twrinMOKM  arc 
cittudnl  at  inkrvaU.  and  one  nia)*  fcniliw  the  uvum  of  the  Hylra.  In 
iiihvi  wiiiiK  Klflerdtlwiion,  wtiich  is  vi^rv  ran  nmon^  ■Dimoh.  nwy 
(icvur.  The  (ptnnalufunn  it  a  tnniile  cell,  xilh  ■  miaulc  c^lio'lricM 
"  hml  "  rantMiiw  of  nuckut,  a  niiniilci  uiiilillv  piccr.  ami  a  long 
lliirul-liVvvlhfiitlh'Uil  ^y^f,,  41,  I). 

Ul  UHiall^  ihnc  n  liut  iirif  feniaW  organ  ot  ovnry,  Ihii  In  H.fmt^ 
at  nimij  at  ncht  hair  tuiiictiinn  liMIt  ninervfij.  'I'lie  ovary  aiW^  like 
Ihc  leilr*  fuMB  >  nwi  uf  infentiilal  (ell*  one  of  wliieh  tiwonio  Ihe 
uviin.  In  rai*  niei  Ihrte  arc  tnu  ora.  The  inuin  i>  al  Aril  aiiin-lxuil 
iukI  tran<iuirul.  )nil  lllu  iiunyvlller  avi.  it  ftvli  on  ilii  nal|[hluar>.  Imci 
lit  aiii-rl'ii.l  ditm.  and  liefoma  ncli  in  nuliilivr  inUetUL  It  alti> 
Ivnumes  iiignictileil  (,V%.  41,  It. 

/Jtnv^/wnvr.'— Themiim  oi  tfjftlra  ia,  loiir  have  wen,  ibc  luterw' 

fill  central  mH  Ia  a  nc*l  <rf  Intentilial  eletnenu  whicb  fonn  tbc  radt- 

nKixary  tnary.     Il  bt  at  &r«l  aoaarliohl,  am)  become*  more  and  miire 

rich  al  Ihc  c>|ioi>w  rlf  lis  nc^kbowra.      Their  temaint  |)iciha|A  nucW) 

.UmpHlalc  ailhin  the  uvubi  aa  "yidk  tplicrvlct"  nr  "  ■wudo'Crlli.' 

VHIl  bcnaav  of  ate  Ihc  mum  chant;et  tin  tirm  from  amitVudil  I0  cake- 

ke,  an>l  ftam  thai  I'>  t|>h«kal.    Aiuinid  the  jk|ihctical  anna  a  ij'eUlinuuik 

diMili  It  fiMiiwI,     WIkd  ihc  lltnil  td  |[rcr*th  H  reached  ihe  nuclcna  ur 

iniiT.tt  \r:':  V  .l.iiiU-n  iwicir  in  (he  uhmI  any, aivl  two  pcAu  IicxHaaM 

I  inlc.    Therealtrf.  iho  tcinleini  i>f  Ihr  piftnl 

imiini;  tfrnln  nut  irpn)  il  kihI  ru|Mum,  allvH^iig 

I  lly  a  (■tnail  I*h>  il  tiill  renuin^  hooevrr, 

.  (lui  tn  llilb  lUlT  11  tt  ferlllUnl,  itv  ifwinulimiHi 

,   ir>'   'iiuuj  ^■Jr  (FiC.  4I|  4). 

.    '  .'.         accnuiu  |[tvcn  W  vaiima  (nvmilnion  do  not  a(E'c«i  U  nmy 
Iw  nuinl  itwl  w«  hxw  Wtc  lidlowod  ihal  i/Kmiiri  tl89>)- 
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Thr  M);iiwRUill«n  which  follcnm  In  Iiitnl  anil  ci|uii1,  uhI  ivnilii.  in  ilic 
fuinuiiiiiii  ofa  blutORiihcn  (l-'ii;,  4t.  Jl.  It)' iiiwi(iili.-tini;.  or  b]r  dlvuiiun 
i>f  (ha  nlli  uf  tlie  Uuluiplictc.nn  inU'ninI  rmluilvtui  is  roimoil.  nnil  ihik 
fortnaliiici  ukn  place  on  all  lirlri.  In  n  wotil.  ii  is  multipulBr.  The 
MfmentBtinn  uviiy  of  Ihc  Ii1u[ui|ihccc  it  ihui>  Ailed  np,  «nd  Ihi-  two 
laycn  liceomc  ilifrctcniiiic!  Umv  one  an»ihi-r. 

The  <:nim  lie  icunli'diiic  U)er  Uamt.  \a)  uii  eilviiial  "rlilllnniil  "  Jicll 
of  tcvcul  l.-ijrcti ;  li')  ah  inii'iiinl  iiiciiiliniiic.  hniiiciucncvus  thin,  and 
ctafltlc  1  an'l  \e)  thi-  future  «cl«<l(-tni  of  <h<:  atlull.  In  HyJra/KUm  the 
emc  h  tciaraied  from  ihe  parent  licfore  itie  sliell  ii  fonneil,  anil  ii 
fuieoed  \f  ib  gcUlinous  ihalli  lo  ai^ualic  planis  :  in  H.  ntUit 
and  //.  J71UM  Ihe  qcE  f>l1*  olT  after  ihc  outer  ihcll  hat  lic«n  fonncd. 
In  nil  ^l•ceieh  ih<;  >iciniiitl"n  riuni  ihc  |»«*nl  jipjKrart  ti>  be  followeil  by 
(I  i-rri'xi  j-r-jiiir^ornfi-  LnHlini;  fr-^in  '*nr  ti>  two  nionlhiv 

Wiihin  llii'  thell.  iliffca-iiliatiun  31  Ungih  ri-toininencest  hut  it  ^raccvdt 


Flu.  41.— Dcictopiiicni  of  Hy<lia.     (After  Beausr.) 

t.  tf-t  n^mmiMmm-  t-  fimfihw/i  VBum  \  g-v.,  i^vrmiiul  twcic  ur 
IHetni«;  ^-t,  yolk  ^I^]■trlll*■. 

^  Otiiin  viEh  lolled  nvilopc  (i4)  onujHj  U' 

1^  Q<um  (wotmitjnj ;  it.,  tMaui:LcuH;  iv/- .  tb4  rupiurod  cctiviltnii ; 
fh/-.  ihf  tiiljijffrt. 

y  S«i^n  itf  btA«t<*(>>ien — £4/.,  nuntef id ;  jBW.,  emli'ilnni— 
IviflN  fombid. 

<^  Sreil«q  uTUnL  4&fr..  hioiUtwi  ;  fi^.  vnilixWnii  l  f^r-.  ijbi- 
evrity  \  tA-^  rupmrvd  <fn<k>|ic*p 

hlowl)-.  Inlttitiiiial  r^lli  aiiw  In  the  ccloderm  :  a  nilildlc  liniclU  it 
formed  !  a  i^liir  cavily  Ui;iii>  l"  ipiivic  in  Iho  niiilil  'if  Ihe  enitmlerm. 
Thefcaltcr  Ihc  thell  lnll^[t,  ami  ilevi'loiiRieiit  procvedi  mote  raindly 
The  onllityu  T4a>ii|;.itn,  ■ci|iiiTL->  a  tn-iulh  \iy  ruplurr  al  the  Jiiiil  |v:>nie- 
timci  called  rtGctJilivel  [.>lc  The  inner  vlieilh  it  nl*o  l<»it.  mi'l  ihc 
yoatig  Hfdra  fixo  ilxlf  imt  liqcint  (o  Ihc  a>  iu  |Kin-nl  oi  |uie(>i>  ilid. 
Tm  «iuki|iolaj  furniaiioa  \\\  the  ciulmlcrui  i-i  perhaps  a  priniitivo 
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mode  :  it  oceun  only  in  (.'ifknt^iii,  and  (n  ihoae  wMch  have  no  ln« 
twimmlng  UaUMuhrrr  tla^r.  fcrliafh.  m  Bnucr  oaixcni^  i<  wb*  <■(¥* 
natly  ch>niclrri»tic  of  frM  iwimminK  Aplii-tinl  lilniintiitirfTS  wliicb 
rotntcd  in  any  ilircclion.  Hut  when  the  I>liii1<ni<livtc  n  mil,  nii'!  iwimt 
nilh  one  pok  alwuyi  fotwanli,  the  \aaX  jiailiir1c!>  ntc  surpi  luwafk  llio 
putlctbr  pok.  Il  1.4  ihwcfoie  ndvjintiiiWRit  ihal  iht  foimnlion  ol  Ihe 
eiuhxlemi  Hlitnild  atxnt  llirtc.  vllhrr  hi' imirii);txtii)ii  of  ulli.  or  l>]rga>^ 
tnilar  invaginitioo  (Krinclicli  txtA  Hcider). 

Firms  like  Hy4m. 
Even  simpk-r  than  Hyiir-s  is  Prolfhydrtt,  a  form  wtthtwil 
tentacle*,  occurring  lx»ih  in  the  scj  and  in  fn.-sh  wniw.  A 
similat  fresh  water  fynn  hai  been  described  under  the  name 
of  Miirohydra,  and  a  Kiniiii^L'  tiiiiiple  po)]r|K'— /Wi/M^rwm 
— whose  hisiory  i«  incom|>1el<.'ly  known,  h.^^  l>cen  found  as 
a  {iBrasite  on  the  eggs  of  sturgeons.  But  further  deiaiU  in 
regard  to  all  these  fornis  are  much  wanted. 

SttOHd  7V/f  ^OiaKNTKKA>-A  Mkdusoiix     Clats  HVDKO 
zoA.     Sub-Class  Hydrom«dus«  or  Craspcdota. 

Hydra  is  too  simple  to  be  thoroughly  tjpical  of  lh< 
HytuoKoa.  The  class  includes  the  hydruid  colonivs  or  iroo- 
I^hjrteit,  which  in.-iy  be  compared  to  Hydra  with  maity  buds, 
and  also  fiec  me^lusoid  fonns,  which  may  bi;  (■»)  liberated 
members  of  a  hydroid  colony,  or  ifi)  independent  organisms. 
Besides  these  there  are  complex  colonies  of  mcdusoid  forms 
(Siphonophora;). 

The  hydruid  type,  exccjit  in  minor  dciaits,  usually 
resembles  Hydra.  In  some  ea»es  the  tentacles  ate  solid, 
instead  of  hollow  as  in  Hydra,  and  they  may  lie  arranjfed  in 
two  cirrles,— an  outer  and  an  inner  (/i/i*«/ifwfl).  In  some 
of  the  hydroid  colonies,  notably  the  Millcpores  and  Hydrat- 
tinia,  the  polypes  are  very  dis&tmilar  to  one  another,  and 
have  become  specialised  for  the  perforinitncc  of  different 
functions. 

The  meduioid  type  is  like  an  inflated  hydroid  adapted 
for  swimming.  It  is  bell  sh.i[ ted,  and  down  the  middle  of 
the  bell  bangs  a  prolongation  ^  the  manubrium  -  which 
tcmiinales  in  the  mouth.  Around  the  marj^in  of  the  t>cll 
there  is  a  little  shelf,  the  velum  or  ctaspedon,  which  projects 
inwards,  and  is  fumixhed  with  muscle  cells.  The  margin 
of  the  bell  aliM  iH-.nre  tentacles,  usually  hollow,  and  altui: 
djinily  furnished  with  stinging  cells  (I'ig.  38,  3). 
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On  ihc  convex  surface  of  ihe  bell  ihe  ectoderm  forms 
eimply  an  ei>i[hvli;il  laj-cr ;  on  the  concave  surfact;  il  \* 
difliercniiaicd  inta  muscle  cells  on  the  vdum,  Ihv  mami- 
brium,  and  the  Icniaclt-s,  nerve  cclb  al  the  Iwisc  of  the 
velum,  and  siint;ing  celln  on  the  tentacles.  The  cndodcrm 
is  ciltaied ;  it  linen  die  food  S{>ace,  ami  extends  also  into  the 
tcntai^les.  The  menojiikca  formii  a  thickened  jelly,  prcncnt 
more  especially  on  the  convex  {eK-umlircUnr)  Kurfacc. 

The  mouth  opens  into  ihc  cjinal  of  the  mnniibrium.  which 
leads  to  the  centra!  wviiy  of  the  dome.  With  this  a  valuing 
niimlier  of  uribranched  radial  canals  communicate ;  these 
nlM  open  into  a  marpnal  circular  vessel,  nhich  again  com- 
municates Vi-ith  Ihc  cavities  of  the  tent:icles.  Di^eslioii  is 
intnccllular,  and  proluiljly  sues  on  throughout  the  whole  of 
this  " gastro-vascular "  system. 

The  movements  of  the  bell  arc  caused  by  the  contractions 
of  the  muscle  cells  mentioned  above. 

The  nervous  system  conusts  of  n  double  ring  of  nerve 
fibres  around  the  margin  of  the  bell.  With  these  are 
associated  ganglionic  cells,  which  apparently  control  the 
muicukr  contractions. 

SenM  organs  may  be  present,  in  Ihe  form  of  "eyes,"  at 
the  txase  of  ihe  tenueles  (Ocellato:),  or  ihere  may  be 
"auditory  "  rcsicles  developed  as  pits  in  the  velum  (Vesti- 
cubtx). 

'I'hc  rxrprodut-livc  organs  devxlop  either  in  the  manu- 
brium or  in  the  course  of  the  radial  canals.  Th«  products 
always  (?)  ri|ien  in  ihe  caoderm,  and  often  seem  to  arise 
there ;  but  \Veiimann  and  others  have  shown  that  Ihe  rejiro. 
ductivc  celU  of  a  medtuoid  tletived  from  a  h)-droid,  or  of 
the  rt-duccd  and  fined  iq^roductivc  pcrsonsof  many  hydroidB, 
have  considerable  powers  of  migration,  and  may  originate 
{sometimes  in  ihc  endodenu)  in  the  hydioid  colony  at  some 
dislance  from  the  place  where  they  arc  matured  within  the 
medusoid  bud.  The  sexei  are  uiually  separate.  The 
commonest  kind  of  free  swimming  larva  is  the  planula,  which 
is  oval,  ciliated,  and  diplobla&lic,  devoid  of  an  opening,  and 
usually  of  a  central  cavity.  In  ihoi^  medusotds  which  atisc 
Da  Ihe  lilveraiul  sexual  persons  of  a  fixed  asexual  hydroid 
colony,  the  |>l.inula  settles  doun  and  develoju  into  a  ikw 
hydroid. 
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In  mnny  Hydroioa,  ns  has  liccn  already  noticed,  the 
sexual  pcisons  arc  nol  set  frrc,  but  teinain  al(a(.'h<.-d  3s  buds 
lo  the  panriil  hydroid.  These  lixfd  "  goiiophores  "  show 
n^aiiy  sutgea  of  defeneration  ;  some,  nouibly  m  ihe  floating 
loltiniw  of  Siplioniiphorie,  dilTcr  little  slriicturally  from  true 
iTit-du.soids  >i'htk-  (ilhecK,  m  io  //ydrueliitia,  nrc  sitii|)ly  smnll 
<;lose<l  sacs  enclosing  the  genital  products.     (Fig.  49.) 

7'fiirJ   ?>/*■  n/  OKl.KSHtKA.      The  eomition   Jelly  fish — 

AurtSu  iwrita.    Class  ScYi>iiozOA.    Suh-CJass  Scyplio- 

mcdiisa:  or  Acraspcda. 

This  medusa  is  almost  co«mopoItLin,  Hnd  in  the  summer 

months  occuis  abundantly  around  the  British  coasts.     Wc 

often  sec  hundreds  gently  sw-imming  in  shoals,  and  many  are 

washed   shorewards  and  stranded  on   flat  lieai'lies.    lite 

gbs>y  disi-  uMially  measures  attout  four  inchtMi  in  diameter, 

liui  may  In-  twice  as  large.     The  jelly  fish  feed^  on  small 

am'inals,  Mich  as  crustaceans,  which  are  entangled  and  stung 

to  death  liy  the  long  lips. 

Ex/erinti  Apfieumwe. 
'Htc  animal  consistsof  a  gelatinousdisc,  slightly  convex  on 
its  up()tr  (eX'Unihrcliar)  smfacc.  and  heaiing  on  the  centre  of 
\\w  other  (sub  uml>[i-llar)  surface  a  four  catni^red  mouth,  with 
four  long  much -fill  led  lips.  The  <rinumferi-(Me  of  the  disc 
is  fringed  by  numerous  (hon  hollow  i«nta<Hcs,  liy  littk 
lappets  and  by  a  coniiniiatton  of  the  sub-umbrctia  forming 
a  drlH.-ate  muscular  flap  or  vt/arivm.     Conspicuously  bright 

IBM-  the  four  reiwoductive  organs  which  lie  towards  the 
under  surface.  Nor  is  it  dilhcult  to  see  the  numerous  canals 
whti  h  radiate  from  (lie  ecniral  .ttomach  across  the  due,  the 
eiKhi  marginal  WNWe  organs,  and  the  muscle  strands  on  the 
lower  surface. 
7'At  Tkret  Lavrrt. 
The  iTIodt-rm  which  covert  the  eMcnwl  surface  Iwars 
MinRing  cdK,  es|K-cially  on  the  teni.icles.  and  to  this  layer 
belonit  snisory  and  ncii-ous  cells  aggTi-);aied  at  eight  centres, 
•tso  a  pleTUK  of  gangbiin  cells  lictteath  the  skin  on  t)>e  under 
wrfan.-,  and,  flmilly,  the  muw-lc  cells.  According  to  M>nie, 
Ihr  ritiHlerm  lines  jnri  iif  the  mouth  lulie  or  mnnubriuni. 
Ilu'  endoderm  linrt  the  digentivc  caiiiy,  is  continued  nut 
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into  its  mctiating  cinalK,  and  iit  ciliated  throughout.  The 
tncsoglii-A  h  a  gd.iliiioux  congiilalion  containing  wandLTinj; 
ani<cl>oid  ci-lU  from  thr  cndoderm.  The  whole  snini.il  is  very 
VfatCTy,  indeed  the  solid  pans  amoimt  lo  not  more  than  Icn 
(wr  cent,  of  the  toial  weight. 

iVerrmts  System. 

The  nervous  system  consists  («)  of  a  !i|>ecial  ar«n  of 
iwrvotis  epiiheliiim,  tuuociaicd  wiili  vai-h  of  ihe  eight  kiiku 
o^ns,  And  {f>)  of  niimemus  much  elongaivd  bipolar 
ganglion  <-elIs  lying  liencaih  the-  epithelium  on  the  under 
suifacc  of  the  disc.  This  condition  should  be  contrasted 
wiih  that  in  Crasptdote  nKxiusoids.  but  loo  much  must  wA 
be  niad«  of  the  contra.tt,  for  a  netve  ring  i.i  di-M-nU'd  in 
Cijhonicdusa^  one  of  the  orders  of  AtriLspednte  jVlly  fish. 
In  Auif/ia,  tht  sense  organs  arc  lc»  dilT(.-Teiiliaicd  than  in 
many  other  jelly  fish.  Kach  of  the  eight  organs,  protectee! 
in  a  mnrginal  niche,  consists  of  a  pigmented  spot,  a  clul>- 
^ped  projection  with  numerous  cale^ireous  "  otnhthx  "  in 
its  cells,  and  a  couple  of  apiiamitly  sensitive  pits  or 
grooves.  U'e  are  nut  warrante<l  in  calling  these  organs 
"optic,''  "auditor),'*  and  "olfactory,"  in  AHrelin  at  any 
rale.  The  sense  organs  arise  as  modifications  of  lentackH, 
and  are  often  called  "  tentatulocysia  "  or  "  rh*>palii»."  Their 
cavities  are  in  free  eutnniunication  with  branches  of  the 
rmlial  caruls. 

Afutfu/ar  Sytttm. 

BeiK-een  (he  plexus  of  nen-e  icllx  and  the  Hub-umbrellar 
mosagliiM,  iltert^  are  cross- si n|M.-d  mii>cle  fihreji.  each  of 
which  lias  a  large  portion  of  non-concraclde  cell  substance 
attached  to  it.  They  lie  in  rir>g-!ike  biindk-s,  and  by  their 
contractions  the  medusa  moves.  Unstriped  muKcle  fdires 
■re  found  about  llie  tentacles  and  lijM. 

^H  Alimtmlary  Sysftm. 

^f  Ttie  fotir  cxwners  of  the  mouth  are  extended  as  four  much 

^^  frilled  "arms,"  each  with  a  eilinted    groove  »nd  ttinging 

I  cells,  and  with  an  axis  of  mi-snglrea.     They  exhibit  cnn- 

I  sidvrable   mobility.      Their  crumpled    and    mobile    liases 

I  surround  and  almost  conceal  the  ntouth.     A  &hort  tube,  the 

I  "  manubriuiD  "   or  Kulld,  connects  the  mouth   with  tlie 
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central  digcsitre  Ciiviiy  which  occupici  the  centre  o(  the 
disc.  From  this  central  chamlx-r,  sixtixn  gastTo-vatcular 
Ckmk  of  approximately  equal  calibri;  ndiaic  to  the  circum- 
ference, where  they  open  into  a  circular  canal,  Kith  whkh 
the  hollow  tentAilcs  are  connL-cted.  Eifiht  of  tlie  radial 
canals  arc  xtraighi,  but  the  other  eight  are  hrancheO,  and 
thus  in  an  ndult  Auretia  the  total  number  of  canals  is  Ui{^ 
These  canals  arc  really  due  to  n  partial  obliteration  of  the 
gastric  cavity,  to  a  fusion  of  its  ex-uinbrcllar  and  sub- 
umlirellar  walls  along  definite  lines.  They  are  all  lined  by 
ciliated  endodvrm. 

Where  the  manubrium  or  tube  from  thv  mouth  pa»ws  into 
the  central  digestive  cavity,  there  arc  four  strong  pillars  of 
[tiickeiicd  sub-umbrvllar  material.     Outside  each  of  these 
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Umrlnii  rniii  nniul  |iMk*l<  in  »iiih.  rniich  btwictwl  ndUl 
oiub,  ciichi  |Kn|ita(nl  nkb**  (ii  xiiie  urxaiu.  ami  pcriplicnl 
Icnlacla^ 

pilUni,  and  still  near  the  base  of  the  manubrium,  there  are 
lour  jiatche*  when:  the  sul>-unibrcllur  surface  rcmainK  thin. 
^  These  arc  the  gastro-gcnilal  membrane*,  lined  internally  by 
trminal  epithelium  (Fig.  43,  K). 

To  the  inside  of  these  genital  ot^ans,  within  the  digestive 
cavity,  are  four  groups  of  mobile  gastric  filaments  (x/,  Fi^ 
43).  vdiich  are  very  characteristic  of  jelly  fish.  In  ap|>earance 
these  are  very  similar  to  the  small  tentacles  of  tlie  margin, 
and,  like  them,  are  hollow.  They  arc  covered  with  endo- 
dcnn— with  ciliated,  glandular,  muscular,  and  stinging  ocUs. 
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Thv  bwl]r  is  OMppcd  out  inlo  njEtons  by  Ihc  rotlowin);  convviitloii. 
The  lim  icmlaclet  M  a^ipear  in  ihc  Uiva  atv  font  in  niimlii->,  and 
conofKuvd  10  ihe  four  aoclM  of  (he  mmilh ;  ibc  r^kilH  on  uliich  Ihey 
appekc  arc  callcil  "  pcmdisL"  Italfway  Uiwccn  ihoc.  lour  "  inter- 
niliab"  are  than  ilcvrloptd.  Then  eight  "odnulials"  nay  follow, 
bctwoan  pmaidii  and  intcmdii. 

RtpivJuftivt  Systtw, 

The  sexes  are  scparaic.  The  rtproductivi-  org.ins— ovaries 
or  testes — consist  of  pbited  rid^L-s  r>r^c:rminul  upithclium, 
situated  011  ihe  four  (uichex  iilreaily  mt-ntioticcl,  within  mcs 
which  are  derived  from  and  communicate  with  the  floor  of 
the  gastric  cavity.  They  ate  of  a  reddish  violet  colour,  and  at 
first  irf  a  hotscshoc  shape,  with  the  closed  part  or  the  curve 
dfrecied  outwards.  Afterwards  the  rid(;es  become  circular 
and  extend  all  round  the  waits  of  the  sacK  in  which  they  lie. 


Vvi.  4} — Veitiol  KCliod  of  Auiclu.    (AXicr  Claux.) 

*<uh;  ^,  Celine  (ilBmei]i>;  £-A.  jicniuU  iiorkci-  /.  nuixinai 
MHUdc :  >.,  tUH  a(ui  1  Ih*  ihulKt  IBK  i<  mnoalnu. 

Hut  the  Eub-umbrellar  surface  is  modiriLfl  hen»th  each 
Crntlal  m)c  in  such  a  way  that  the  snc  comes  to  lie  in  a  sub- 
i;«nital  cavity  communicating  with  the  exterior  { ?,/..  Fig.  43). 
The  contiactions  o(  the  unibrcUo  produce  n  rhythmic  move- 
ment of  Ihc  water  which  enters  the  sub-genilal  sacs,  and 
this  constant  renewal  of  tlie  water  su]^ests  some  respiratory 
stgnificarKC  for  the  sacs.  It  mv\i  \x  understood  that 
the  genita]  sacs  containing  the  plaited  ridges  of  genninal 
epithelium  communicate  with  the  gastric  cavity  only,  white 
the  *utn;cnital  cavitie^  containing  water  and  enveloping  the 
Itcniul  Vi.ai  coiniiiunieate  with  the  exterior  only. 

The  ova  and  t]>emiato»>a  [kiss  from  the  frills  of  germinal 
cptitiehum  into  the  sacs,  and  thence  into  the  gastric  cavity. 
'n»cy  find  exit  by  the  mouth,  but  young  emhryos  may  lie 
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found  swi'mming  in   ilic  ga»tro-va«:ular  canals,  and  also 

within  the  shelter  of  the  long  lipt. 

Life  Mia^rji  ^<4m>v/m.— Aeconliiie  to  itw  moil  tvtxtil  ixmuitMioa, 
Ibe  »nill>cd  oiiim  divida  ooinp1cle|T,  Inil  not  quite  oquall*.  to  Mna  a 
blulMphcre  with  r  vciv  narrow  stit'like  oanif.  From  Ibe  faracr  odlod 
hemtiptieTr,  tln^r  cell*  m^rate  into  ihc  cavitv,  *nil  Ui  this  op 
vnlirciy  with  n  Mlid  iam*  of  «Diloilaiii.  The  M^hcnteron  uuet  u  a 
central  cleft  in  this  cell  nuiM,  tuid  openk  in  the  ckicriiw  tcmixiiaiiljr  liy 
tilt  Jpiiniiiiv.'  T (In       I  )iniiig  ihm-  pti-PTv-.--  ili.-  iinliT).-  ilni.g-jii-i.  iht 


-^L. 


F)li.  44.— Diagram  ol  Lilc  hiiiory  of  Amelia.      [Allct 

I,  Pnc  tiiriniRiIng  vmhri^;  s^fl.  vanisut  ti^fb  nf  llydra-iob* : 

aScnUU  ^Act;   D,   Khrriilon  «f  KphyFc;    011.  £Tuvih   of 
imBlBluMwIuHc. 

oiilci  ccUi  boMine  cltinled,  Ihc  month  clmet,  and  the  umlnyo  nrim* 
(icdy  aii  an  oval  floHtihi. 

M\ri  ■  iihon  |>rri<Hl  nf  hoc  life,  Ihii  planula  icttles  down  on  a 
•tone  or  xawecd,  ullAchiug  ilicif  bj-  the  polr  h  here  the  motiih  fonneily 
optned.  A[  a  t-ciy  eativ  sUgr  ilie  inBfl£lii4  uppenn  lictwecn  Ihc  two 
lajvn.  Al  thp  free  pole  nn  cctodcrmic  inraKinoiion  nnt  occurv  aa 
opening  bieaki  thtough  at  Itt  louer  end.  luul  thut  ■  Rtillet  lined  witk 
eolotlcrni' is  farnml.  which  hangt  tierly  in  ihe  genml  cshiI)'.    Dnripf 

'  The  ttnlcnienl  lU  tn  Ihc  ccI'Xk-tuUL-  |;ti1l<.'l  i*  iliic  lo  CiiittC  (l^S?!  ■  it* 
eilil«n«  \%  lUnieA  liy  Clant.  who  it  f^illowol  liy  Oiud, 
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Ihit  ptoc«w  there  »rc  fornid  (Vmi  i«o  «n'l  then  (our  •hi-rxlciila  «f  the 

!;«nEtal  cnviiy.  khich  *.tv  umingcil  niunil  ilic  gullet  aUwi.-.  anil  o|wii 
tccly  into  iht  digeMirc  cai-iiy  IicIoh*.  In  iht  pullfi  tegion  ihue  aj< 
H:[uiJte<l  by  brcwl  K|itii.  whirh  mc  oomiinue'l  into  ihc  lower  region  of 
the  Iwd)'  u  (iiur  inlcmiliol  tiilffu  oi  txniolj.  Alihau|;h  the  (lcvclo|>- 
m«M  ikiliflomit,  these  may  iK-ihagH'  lie  cunipaicil  in  lh(  iiicu'iitcrict  of 
Anilunoa.  Thu  lrnl.i<.'lv>  hii<l  '>ii1  ffiwi  ihr  reijinn  '"il  Ih<'  ninulh,  (he 
fint  (biu  oonciponding  in  |wuttuii  lu  Ihc  (our  [<oiicIil-4.  liitcrmdioUy 
abov«  thd  but  tcpti.  four  nnrriw  fiinncl  vhajiinl  ini-aginatjoni  niix;,  (hne 
are  (xodoccd  by  the  ingrewlh  of  cctolcnn,  uhif h  then  fiMin>  ihc  muMle 
filiici  which  run  down  (he  unbloL-c  (conlnul  the  tuJedtrmk  inuKlei  of 
AmhciKM). 

The  larvk  now  roimt  ■  "iIy{|ra-liilM"ar  "Scyphitloma."  i(  isabonl 
ui  ciehth  of  on  inch  in  lidght.  By  lalcinl  butlilini;.  ur  by  Iho  (brmalion 
o(  C(ec|nng  ilalon),  il  may  give  n<>e  \a  Inriv  like  iihIl  The  gmdoal 
wUcnlof:  of  ibc  cenml  cavity  renilcrs  th«  gullci  lube  Ics  obtiouKi  uid 
RMlIt  In  an  lMre«il[i|[  (eicmhlaDCc  to  ihe  meduu,  type. 

In  btc  aulnnin,  however,  a  moie  (umlameritnl  change  oeciirw  W4 
will  hei^ii  with  (he  timiitctl  caw.  (dl  Occadonatly.  aa  ha*  Iwen  obBtrwol 
by  HnKkel.  Ihe  Scyphiilmna  livconia  iletachtil  anri  conventvl  into  « 
free  nriin«in£  Ephyti.  uliich  in  turn  becomei  ■  jelly  fiih.  (*)  In  Aitnlia, 
in  wnfnvouniUc  o^uiditioni.  a  funoir  appotn  (ounil  the  upper  region  of 
the  .Scyphliunna,  Ihe  upper  ponJoa  ii  converted  Into  an  Kphyra.  anil 
Aonia  away,  while  iho  lowri  purlinn  rafomu  lia  oml  r«eIon  liy  ro^neralion. 
■nd  pruducei  anulher  I^uhyra.  ((]  In  onlinary  condiliuiii  ihc  Scyphiv 
lonn  eloogato.  and  diipUyi  n  succeauon  of  annutat  cormriciions.  Ttiii 
UagcolUa  comparctl  to  a  pile  of  uucien.  'm  technically  colled  a  SltoMli. 
Each  dl(c  ii  (cpanticil  off  in  in  Itirn  at  3  ftvc  nuinimini;  Ephym,  which 
btonnm  a  jelly  fiib.  The  >Iill  uiKliviJcl  tuNil  ivitiion  may  rest  fur  a 
lime,  anil  Ibcn  im(ieri|o  fucllici  ci>n<li>rtioii.  TIiik  it  jirnlnlily  aa  ati- 
breviilion  of  Ihe  primiiivc  mu-.lc  of  >k-i«U<pTncni. 

In  the  convenimi  of  the  Scyphistoma  into  ihe  Kphyra^.  the  diitrticula 
ccolewe  into  a  general  cavity,  Ihc  enlrancci  lo  the  wplal  in*Bgiiu,lion<i 
pttiliahly  |>cnlM  ai  the  (uli.genllol  pili;.  the  Euliic  filamcnli  iproul  out 
from  the  iriiiaint  of  the  wpia.  and  ui  mark  ihc  place  where  the  cciimIct- 
nial  gullet  [ttawd  intu  ihc  cndodetmal  cai  ily. 

The  fini  Ephyra  diReix  fiom  ihov  which  ciinc  after  il  ii)  lirjiini;  the 
otiginnl  teniacU*  of  the  Hyilta-luln.     Kium  \\i  nuinn  eighi  bilid  lobci 
'  out,  each  emiiracing  ihe  tn»  of  a  pcnadial  or  intciiitdiBi  I  entoclc. 
Laac*  of  ihctc  eiifht  tentoclci  licironie  the  tcn^  nrgans  or  rhuiulin, 

which  f«l- 


1  lie  uaac*  of  Ihctc  elulit  tentocici  licironie  inc  tcn^  nrgans  or  rliuiia 
The  otbci  ei^l  adradlal  lenuclck  atri>p!iy.  On  the  Kuhyr^r  which  I 
low  there  are  at  firtt  ni>  li-nturles,  iinly  llu-  i*ii;h[  liilid  mnicinul  I* 


grnw  out,  each  emiiracing  ihe  tn»  of  a  pcnadial  or  intcliitdiBi  I  entoclc. 
Tile  Laac*  of  thctc  ei^ht  tentoclci  lie  ' 

oltMi  eiehl  aitradlal  lenuclck  ati   ,    , 

nly  llir  t-i^Hc   ^lilicl  iii.iiginul  lob4j» 
which  bear  Ihe  kobc  ornn^  in  iheir  iiivhet. 

Thit  dcvelopmcM  Uiiutnlt!i  alternntion  of  {;enerations.  Fiuni  the 
fciiiliicd  oTUm  a  fixed  aieiual  Scrpbidoma  resulti.  Thii  grout  inm  it 
Sicotnia,  ftnm  H^lch  Imnivenc  buHi  or  Ephyrx  arc  lihaatcd.  Eiich  of 
iheK  grow  into  a  tciunl  Jelly  fiih,  proilitcine  oim  or  (permalofoi.  The 
lint  twD  cxwi  nicMi«)c<l  \a  anii  i)  ihivw  how  reailily  thli  alternation 
midil  pan  into  a  "direct "  ilcvclopmcnl. 

Kilativtt  if  Auttlia.—Tbv  Mmust,  or  iiuc  jelly  fi»h,  include  farm* 
wliicb  «crce  mith  the  Anihoioa,  in  nlative  raniplaity  of  stiuetare  aa 
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oompareii  with  llyJriiKia,  in  Ihe  [jimewicm  <>raii  ccUKlcmml  );i)IIcl  (uv 

IbotncHe  oil  im|[c  146),  liui  dlffin  in  pououing  ccliHloinut!  wiiul  inuiclct 

■ml  in  tome  hitUilng^cal  fnlum. 

Amonf;   IhuMi   dotcly  alli«d    to 

Atmtia,  some,  Af.,  /^taxit,  hnve 

■  iliraci  devclopineiii  vilhoui  (h« 

inten'tnlion   of  ScTphUlom*   or 

Slrobiln    tiaaa,    tial    thii   mO}- 

occui  oMplloruLlljr   In   AtmJia. 

Cyanta  is  oftin  v«y  latg*,  "ll 

mav  inouiirc  7t  fnl  arioM  the 

licll.    witli     leniacln    mo    (wI 

lung."    CIlryiMra  U  hcnuaplira- 

dile,  aiu)  hu  Uiftiuc  ipcrm  lao 

«Ten   upon    ihc   armi.     In  (he 

Rblrottonuc — t^;.,  C^iteftiaaaA 

/Hitma,  ilxr  innuth  Ih  ubllicntcd, 

and  iapl«i.-c<I  by  iiuiiicniut  unall 

|ioic»  on  Ihe  four  duiiblr  atmi.    L/timturM  iukI  iti  allies  arc  intcicttint; 

•eiule  toma  which  Iiuit  Ihxti  mmtiinfiJ  10  texiuil  Sc)*[ihTiionuu— Ihit 

ii.  ttie  treatilcd  ta  pcniklenil)  Umii  form*. 

Cimtrast  tttnttH  /(yJmtoon  anil  So/pkosaoK  medHt^ds. 


Ktik  45.— LuMtooTM.     (Artcr 
KoKorsRyr.) 


HniKODWO       [CKltrBUDTiL] 


Th*    NUdltli]'    an    raiSi    "tvlnmlnc 
bcOO 

A  Alp  or  tntiim  <c'a«p«Jon)  pr^JKU  in- 
vnntt  from  ihc  niArtln  of  Ihc  bdl, 

74n  IHtiJDttEt  rmr  (vine  Alflminii. 

A  dAublc  ncnv  niij[  anniiH)  ibe  lurxin- 


NoIlcI  icriH  ufi^ani  «illicr  Dptk  or  %a6\' 
\oPj-  Thtyikr*  Uflully  drrtVfil  fnrni 
i^if  tL^K  bui  lilt  Aodilory  W4«  nwy 

RcpmlhEUtv  ornn-  on  ihc  radial  rjinfilt 
or  ^y  tTi^  JOf  flf  Ihc  inAnul'rium, 
Tltc  rvprutTuctEw  idU  ju«  u«uiJly 
ikriiBJ  frum  iha  «i.lod(rii>- 

Wlih  ih*  'jrc'prkir^  of  ih»  Trhcliyin^dv-JE, 
lilj  rtrite  ■>  file  Ijlicrrtcd  rvi»rodii<,llvr 
percent  of  n)rdrold  coloiiEai. 


Tnii  H)<li 


ScvrnorvoH.    IA<kau«da.) 


Mmt  vc  larc*  ■•  jtiiy  fbh" 

No  nluin,    (Tlie  rrttn'InK  vf  A  tmUt 

it  ■  aitn  friiifc.  vb^  irvonMdcuMu 

III  Uve  Bdulf.  >mi  nor  inluit>«d^i 
In  ibiScYphluaiiuitilrimfmiliHilaIn 

frjin  pATi  vt  *h1ch  Lbc  cvuic  Ak^ 

iiieni*  t-Tih*  lululi  ifr^iw, 
Ri[lii   uparsio   niciouo  nnifH  Inidc 

1^4  fo^  Mft'tT'N  md  a  tub'Onilwdlaf 

nrrvLiut  (I'chuk^ 
^ttutK  nri;aii«  arc  rriEidiAAl  l#nu£lft,  And 

Holal'lT  l<ii^  «lino«(  olivaiTt « tri|4c 

luncrjbii.    Tlicy  w  ii^iullf  prwcled 

by*  Ihxtd, 
KTpraduc^ii*  erc*nt  in  ipnial  pjcktu 

on  iht  Aoor  of  ihc  c*Mrie  ariir. 

1'hc  Rprodiicrivo  ndla  aria*  In  in* 

wndoJfnn. 
H»vt  ni>  LionnrOHjir  Willi  hydivtdik  Vu 

iruy  liAvc  ■  viull  ■cJontary  p^ljrpa 

•Itn  (cit  Scyntiiiiinia)  Ib  iht  aunt 

of  ihtir  lift  IrltLiftj'. 
Pivbtbly  miKf  nearly  rdaltal  laAnibg«a 


Wc  mar  "cl*  ''^'^  ''■"I  Chun,  while  agitcitiE  ptwinotullr  to  ilic 
M|»ralion'  a{  Ihc  Actupnla  from  the  Il}-dtn«oa,  uningly  tippotcs  theii 
uwdaliun  vriih  ihe  Anihuioa,  baung  h»  ^potitiui  c).[iKiallf  00  iIm 
viitlcDce  of  Kcyphiitonuu  of  gtvitl  timplicily  U-g-,  ■'ifVKgiiMi. 
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Ftmrfh  lypt  ^Oklemtera,     A  Sea  Aneuoxe,  such  as 
Tet/ia  eratsuorait. 

Class,  ScvmozoA.     Sub-Cbss,  Anthozoa  or  Actin<uoa. 

Mo6(  Eca  ancmoTVcs  live  fixed  lo  the  rocks  atiout  low- 
water  muk.  Some,  e.g.,  Ttalia  frasiunrnis,  are  often  half 
buried  in  nnd ;  a  few  are  unattached.  The  Mnlentaiy  forms 
are  able  lo  shift  their  ix>utton$  by  shorl  Magen.  'Ihcy  feed 
on  tnult  animals, — nvolliiics,  cnistncL-atu,  <rorm«,  which  .ire 
caught  and  stung  by  the  tentacles,  but  many  must  depend 
largely  on  minute  organifim&,  while  others  may  be  seen  Iryin^; 
to  engulf  moltuics  decidedly  too  lai^c  for  them.  A  fen 
anemones,  without  pigment  or  with  little,  have  symbiotic 
AlgK  in  their  endoderm  cellx  :  the  bri^iil  pigments  of  many 
oiheis  secra  to  help  in  respiration.  Kvt^ides  the  normal 
sexual  reproduction  {in  which  the  young  are  sometimes 
developed  within  the  parent),  some  !ica  anemones  exhibit  .1 
power  of  asexual  multiplication  by  detaching  portions  from 
near  the  bsM,  and  fission  occurs  m  a  few  forms. 

External  Apptaranu. 

The  cylindri<.al  body  is  fixed  by  a  broad  base;  it  liears 
circles  of  hollow  tentacles  around  the  oral  disc  ;  the  mouth 
b  usually  a  loo^tudinal  slit.  The  tentacles  are  contracted 
when  the  animal  i^  tniiaied,  and  the  whole  body  can  be 
much  redttced  in  sin:.  Just  t>elou'  the  margin  of  the  oral 
diitc  thrre  is  a  powerful  sphincter  muscle,  this  contracts,  and 
pulls  together  the  body  wall  ov-cr  the  mouth  and  relracted 
tentacles.  Water  may  pass  out  gently  orolherwisc  by  a  pore 
at  the  tip  of  each  tentacle,  and  long  white  threads,  richly 
covered  with  ringing  cell),  are  often  ejecied  through  the 
walla  of  tlic  body.  In  certain  itates,  especially  if  dyiu);,  the 
■ea  anemone  protrudes  its  gullet,  and  turns  itself  paitially 
inside  out. 

Ctneral  Strtuturt  <>/  Iht  Body. 

The  Anihowxin  polype  differs  markedly  from  llic  Hydroid 
~  iwt  only  because  an  invagination  from  the  oral  Awtc  in- 
wards has  formed  a  ijullet  tube,  which  hangs  down  freely 
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inlo  the  general  caviiy  ;  bul  also  bccnisc  ii  number  of  parti- 
tions or  mcscntcrii-s  extend  from  ihc  body  wall  towards  this 
gullet.  Some  of  the  partitions  arc  "complete,"  *>.,  lh<r>- 
reach  the  gullet;  others  arc  "  incomplete," />.,  do  not  extend 
so  far  inw.-udi.  The  com|)lele  mesenteries  arc  attached  to 
the  oral  disc  above,  to  the  xide  of  the  gullet,  iind  to  ihe  lusc, 
and  all  the  mesenteries  are  ingrowths  nf  the  body  wall.  The 
csviiy  of  the  anemone  is  thus  divided  into  a  number  (some 


KIQ.4&— Structure  ef  So  ancniunc.   (AHcr  Andkbs.) 

I.  Tcntuclal  a  diuuiIi  \  n,  icMpluicuil  ',  i*,  aiieilum  ibmu jb 
nin«i«nl^  ;  '■■'.  vonui;  jr»(«mLal  orguuen  neitnitry ;  vfjl, 

or  inutqMfy;  /,  icAmilujr  wpiutn;  r*.  ccnUry  kciMuin:  r.  Mm  of 
(Ul  tavliy. 

multiple  of  six)  of  radial  cbamljcns.  These  are  in  com- 
munication at  the  luise,  so  that  food  panicles  from  the  gullet 
may  pass  into  any  of  the  chambers  between  the  partitions. 
Moreover,  nch  paniiion  is  (tcrforated,  not  far  from  the 
mouth,  by  a  pore,  Iwaides  which  there  is  often  another  msuer 
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the  body  wilt.  The  tenlades  are  continuous  with  the  cavi- 
liei  between  the  mesL-ni erics,  nml  thus  all  the  part*  of  the 
\icAy  arc  in  cotnmumi^iion.  'I'hc  mouth  is  OMully  a  longi- 
tudinal slit,  and  ii»  two  cornets  are  often  richly  ciliatt-d.  The 
gullet  is  marked  with  longitudinal  grooves,  two  of  which,  the 
"  siphono^yphes,"  corres]>ond  to  the  angles  of  the  mouth, 
and  are  eapeciatly  broad  and  dcejk  Along  iheK  two  grooves, 
and  by  tlKitc  two  comers  food  pnniclrs  UKunlly  I»i.ih  in  ;  hut 
in  somv,  one  «»de  is  an  incurrcnt,  the  other  nn  cxcurrcnt 
channel.  Occasionally,  only  one  comer  of  ihc  mouth  and 
aide  of  the  gullet  i:t  tliu.i  modified.  Tlie  gullet  often  extends 
Ear  down  into  the  cavity  of  the  anemone.  It  admits  of  a 
certain  amount   «f  rxtnision.     'ITn;   mesenteries  bear  {a) 


Flh.  47- — Scctkm  l)>n>u|^i  Sra  aiiciiiunc  (ociow  utm  ia 
Kitjur"")'    (Aftn  AMXIE.V) 


9t 


nieiM-nloric  fihtiKftts  i  (A)  retractor  muscks ;  (■■)  ridges  of 
rijirodtiriivc  cells,  almost  always  cither  ova  or  spcnnntozoa, 
larcly  both  ;  and  ((/)  in  some  ca*es  offensive  thrcadK 
(ocumia),  rich  in  vlinging  cells,  and  extrusible  through  the 
hodv  wall.  The  nvcscntcric  filaments  si^ni  to  be  closely 
afiplicd  to  the  food  and  perhaps  secrete  digtotive  juice. 
Intracellular  diitestion  al.so  occurs.  Sea  anemones  have  no 
Knsc  organs  ;  the  Mpphice  beads,  which  arc  so  well  seen  at 
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the  boMs  of  the  outermost  tentacl<»  of  the  cofumon  Aetimia 
Kiesem^'OiilMimuiH,  arc  haltvries  of  slinging  cells.  'I'hv 
nervous  system  b  uncrntraUscd,  and  consists  of  superikial 
sensory  cells  connected  with  a  plexus  of  subepithelial 
gai^lion  cette. 

Tit  Ixfrtn  eflkt  B«h. — Tbf  rc<odcriD  ohKrh  do(li«t  Iho  cilciio  it 
eondftued  down  (lie  iande  of  th«  gullcL  The  endotUnD  Una  ihe  i^ok 
of  the  JBletnal  cxritf,  i»d(tdtiig  ncMntMMS  and  ttntukfti  The  mcio- 
elect  i»  ■  wpporiing  plale  belwcctt  thew  two  Itycn.  and  famu  ■  laat 
hM  th«ii  celik. 

The  tctodenn  conuM*  of  ciliated,  Mmoiy,  «tln(;i[ie,  aeil  ^nilaUr 
edit,  and  alio  of  uWpilheliaJ  muscle  and  fju^lion  emA  basM  oa  Iho 
tneaogilaEa.  but  mcinljr  r«trkic<l  id  ibc  ciminioral  rtsion. 

Tbecndoderm  ooiuUii  tniunty  d  HaiiclUlc  ccUi.  with  mOKlc  fibnaal 
their  rooii.  Thctc  form  the  main  niutcte  bamU  of  the  will,  Ihe  tnoen- 
terin,  and  the  gulki.  No(sic|;linduUian(lrvi:ii>«nMiiyc«'lli  wantidg 
EraoD  Ihe  endodnm. 

TXt  Mtiotttntt, — In  Ma  aiwnone*  aD<l  neailj-  rclkled  Anthofoa 
iwclvc  primaty  mMeMeiin  arc  fint  formed.  Thoc  arc  Eroupcd  in  pain, 
and  the  carlly  lictwt«n  the  me*nbcni  of  a  palf  it  catloa  inlia-tcptat,  in 
coDtnul  (u  Ihc  iiilcr*9<cpla]  carittca  bdwren  adjaccnl  iiain.  In  thnc 
[nter-icpul  chamben  other  mncnterioaftCTWiiids ap|«ar  in  jnin.  Two 
pa^  of  moentcriei,  however.  dilleT  frum  >II  the  reit,  those,  namely, 
which  ate  allacbed  lootch  comer  of  the  moulh  and  to  the  Mrra-pond- 
jne  eroovet  of  the  pallet.  Theu  two  pain  of  memterlea  are  called 
'"(LrocliTC,"  ami  ih^  divide  the  aninial  Into  lillaliirilly  tymiDttricil 
halfn.  Aoitomiolly,  a  mli  of  Jitrciitc  ntocntcrici  ililTi-n  fimn  the 
other  paired  meienlerie«.  btctuMr  ilie  rclnictur  muicles  uhich  extend  in 
a  vcdical  lidgc  nlune  them,  ate  turned  away  rrom  one  another,  and  run 
on  the  inter -iicptal  lurlncci.  wbciau  in  the  other  mctcntetict  the 
lOttaclor  muiKks  run  on  the  inira-tciiial  uuface,  thou  of  a  uit  facing 
one  another.  The  arran^neni  n\  ihotc  tnuicle*  it  of  great  ii»portai>ee 
in  elaniiying  Anlhiwua.  It  it  potoible  that  the  mcKnlerie*  we 
homologous  with  the  [.Tniola-  of  jelly  lish.  and  Ihe  mesenteric  irith  Ihe 
gaitric  nUmenli. 

Frum  the  abore  detcriMion,  it  will  be  notincd  Ihat  the  funda- 
menial  l*dial  gmmetiy  of  the  Cwtenicta  hai  here  bceotnc  proloundly 
moiltlied. 

Divthfiuni, — Coiiijiaralively  little  it  kni»«rn  in  rennJ  to  Ihe  early 
Mages  o*  development  in  sea  anemones.  From  the  ferlilised  ovum,  a 
trlntlosplirrc  may  result  vhich  by  tnnginBiion  becomes  a  gosirula.  Or 
the  Iwo  lajers  may  he  cstabliihixl  \rf  a  iiioceu  known  as  ilclnuuiullon, 
in  which  »  single  layer  of  cclh  h  di^ea  into  an  Iiinci  endotkrmic  and 
an  outer  eetodrinilc  Iv^^'- 

RiSalfi  Ftrmi. — The   soa  anemonn  are  daaufied  in  the  (ulxl(us> 
Anlhoioa  or  Actiniiroa.  and  alooft  with  niuiyoMnlaatcdiiticguiidMd  aa 
Zoantharia  or  IIcucoiaUA  from  the  Alcyonaria  or  OclooualU).  like 
Akyetium  and  related  corals.    ThUcontrrul  it  not  perfectly  wttilitctoTy, 
but  It  rMt*  on  mch  diatinctiont  aa  the  Mlowii^ : — 


CORALS. 
AiniMiOA  OK  AcnxowM. 


)53 


Ska  AumoKC, 


Uiay  (R  tlB^tc,  pHnf  BBlanlll. 

Tiu*d*<  wojiUt  ilnipl*,  mufhr  toni* 
■wtiiplE  of  III.  etitn  illHlmDar. 

tlMiw  iBiufly  time  nuliipl*  of  ali. 
oonipln*  vA  tiK<impl«i'- 

RHmoor  muKkt  «hi  u  in  Alt-yoouU. 

Tvo  (din  cittemt  cr  dphcnMlTplM*!  iv 

nl«BriHri>in  onhf  t"  "en*  Aiili;pwli4ria, 
iiul  In  mm  llaJw^im  onl. 

(laM  lb*  baal  «lsdtra. 

i1  niihik  SctWMMiMa. 

HailnpaiwiL     ItW  kuiWig  lonlL 


All  <«taiiul.  f  mipi  >  <a»ll  fanily  indnd- 
TfnliiclTi(ithl,((Ulwnili  unlfam. 
M«*nwri*<  (ighi,  cetspUi*. 

XdrKlor  niMla  alvnyt «  ewdvausl} 

■III*  <jf  ttih  nmmtiurf. 
Oik  (nnittl)  lollti  Rn««*  «  (IpfeMO- 

gtjrphc.ec  imx. 
OoMunil  dlDnpUun  ■Bang  mtmban 

afknrtany. 
Tbcn  an  nujiUir  alcanvin  •pkuk*  <ef 

•ctudmnfa  «tittii)ta  (b>  iqnaikn. 

Al^mmitm  <Dad  mw't  lingcn}*  vilQ 

dlltiH*  iHcuIn  Oif  llmt. 
T^a^rm     (OrKu     pilK     a9Hl)i      wllll 

tfrjculn  fiioed  Iiiio  iub«  and  111114^ 

CtratUtim  rtr^mm  (Red  cd«[),  oiih  an 

axkoftuwl  ipleiilrt. 
t$h,  «rCUi  «a  aifi  0^  klumauly  Uniy  u>d 

"  llonir  "Joiiili. 
ftutilwlm  (Ma  pank  a  Im  iihniiibM- 

CHcM  <MM*,  with  a  "  hurny     ui> 

nniWy  andttltnuic. 


JT  a 

t  A 

Fill.  tB.—Z.  UtgfVmaatic  lacctiun  of  Zoaitthtriui ;  A,  o( 
Alcyonuvn.    <AArr  Ciii-t.) 

llH  Um  ,S-5  in  Z 

datannpn 


IbraUfb    ihc    upliuin;«l]rpli«  (aX      1)>a 
mtnnd  by  duk  ihubanin^  «a  tM  naian- 


Icria-  HO  an  ■»<  (tlit  nninl)  ihtt  In  Akyonw U. 

Cara!  M*timf. — Wcluvflalreuljrniiticnltlinl  ihEieari:"eanU"nmnn|; 
the  llrilrouu.  on.,  tho  MUlopom.  Lnvin);  ihcv;  'mt  nr  oircuunt.  wc 
Im««  la  Rcognuc  iturt  bMk  WTbions  a{  AntKoi-xi  inclu'l*:  many  entxlh 


>S4 


C<KLK.VTER^. 


With  the  <I-iu III  fill  cu'etMliHi  nf  the  Sea  pent  ui<l  thvliillici.  In  whidn 
the  Akiiil  ikclcloii  it  lif licviil  Ijy  >onie  to  l«  cnJmlriniu:.  Ihv  "  ciirki  "  U 
due  to  liiBiUnn  kvWs.  which  dUier  mnain  in  ihc  ectoderm  oi  wnndci 
jnto  Ihc  metuglii:^ 

TnkiuK  OS  a  hudi  (he  haid  paitt  onlf.  ooralt  mnjr  ti«  clauifictl  in 
vatioiu  w«y» : — 

\l.\  nliMnlinuoiit  calearcoui  tpScuU* — AtijmtiHtH,  &c.;  these' 

tiMv  al*ii  Mtiut  alonj;  <r!ih  Mnia  foims  d  {>). 
(3.)  Contuiuouit  »kel(?(on. 

(d)  Oq^ntc  anil  "  honiy,"^,f.,  axis  of  manjr  (iorpmids, 
uu  or  Penntiulidb 

(A)  "Homy" and ealcamiat,<4,  axUof //if. 

(.■)  Wholly  caJcareouft.  in  ihc  Btwt  majorily. 

AteeniiHg  ft  rxltM  if  Ik*  hmnt  far1t~ 

(J.  1  Kiii-i-it  in  in  >tii,  f^'.,  Cemiimm  mimm  |Kni  cunil^ 

(4.]  Infilling  the  uutCT  vnll  (ihcca).  the  boir.  and  fonnine  t*i- 

auroia  icpta  itnittn  the  nieKntcrici.  and  often,  aim  a 

cemni  piliai  (wluaiella),  f.g„  muaivc  iter  luiidinii  conii). 

The  UTtni  SittiWfriHK  ntwl  &'frraterA'  wete  fotmcily  much  uied  in 

the  dcsciiplion  of  cniaU.    Tlie  fannn  denoted  coralt  In  which  Ihc  hmd 

patb  aie  laid  down  liy  ilie  individutl  potypet  ihemwlvcH.  anil  tupixiit 

their  toft  tiMUt^Hii  in  TnftjVn.  /-'uhxm,  anil  numnoiihothertii  ihe  Ullcr 

WW  uurd  in  di;u;riliin|;  cjks  lifc";  ihe  Kcd  Cotnl,  (he  Sw  Tent,  tiC, 

where  there  is  a  CDlcnrcaiu  ikdclon  to  the  c«innectinK  tulBlanoc  of  the 

colony, 

Aiitrdiug  U  frvititH  if  iht  kani fttril — 

II.)  "Exoaikcletal,"  more  or  lets  diroeily  continuoiu  ailb  the 
edodenn,  t-x..  in  Madrc|>ote  eoiaU  (cecr  huilden).  tike 
Attni^,  Anvij,  ifaJrtfmt ;  in  Gorgonidt,  Grrtanit  and 
/th. 
{t,)  "MevMkelelal,"  >>..  in  the  <nciosla-A, 
t.g..  ipicnlct  of  AkjMniHm, 
fuicd  i|»cnlet  of  Tutiffra, 


SV&TEMATIC  Ct.AS»inCATION    OP  THK  CotLKNTKItA. 
The  CoiUntcr*  us  often  daisified  aa  liiJIom ; — 


A.  HyilncKNt, 

B.  AciinoaoA, 
C  CtenaphofR. 


Acrupeda. 
Alcjonuiiu 

Zoanihaiia. 


CLASSIFICATION  OF  C<Ei£NTBHA. 


)» 


Tbe  oompl«i  utuciare  of  th«  Acnupcilii.  or  true  jelly  5the«  iwelticr 
with  tbe  ipecul  ininu  mlicwiir  noticed,  tccmi,  hoircvci,  to  juiIi^lhnT 
UHiciaUao  with  iSc  M9  uicmonci  mhcf  lh*n  with  Ihc  timplec  Ciupoilcite 
farau.     The  cbucb  *rv  ihm  arnngol  lhu»  ■■— 

H)xifuct>rslliiun. 

TncbymeduK*. 

Older  3.  Siiihoni^liane. 


A.  Omk  UydfOMMu 


B.  Clua  ScrphoKM. 


C  Clui  OtfMpliatK. 


SulxltM  I.  Se)-phaino- 
dumc  ut  Aciu^dft. 


or  AclinoM*. 


/  iMicctnatix. 
I  Dlicaineduiac. 
'l  ConomnliiHC. 
I  l'erum«iluBr. 

f  Order  (1). 

Zoanthaiin. 
Ordn  (It. 
\         Alcjronam. 
[Kugiw-J 


A.  Oass  HvDROzoA. 

Tbnc  jtiD  two  l)l>cii>  polrpoid  >nd  iiitduuild. uhich  ma)'  be  cnwliincd 
ia  vtm  X\it  hialoiy.  The  niuulli  IvmU  ilin-cily  >ntu  Ihv  fpulric  oivitjr. 
The  MCMcliiA  is  liniplc,  and  xlthmii  ini|[iniit  ccMb.  The  repruduclive 
cells  wcm  lo  be  naMllr  ectodemlc. 

t.  Ofiki  llydranKaiUK. — Simple  or  colonial  foim*  in  wbich  (he 
•GiiMlly  nfifod«cti*n  priMnii  me  eitbci  lilicnied  m  Trc  (wimiuine 
■ncdoMiib^  0*  «ra  MHiit  gorKiphom. 

(a)  tJjidiD^un. — Tvia  lypn  are  tnc!iide<l  line.  Tlic  fiisl  iiicludm 
Ihe  Tulmlarians.  HfJntlinia.  nnd  oilier  (oraii  in  which  Ihe  polype*  are 
■Ml  Kickwcd  in  ihe  pcolcrtirc  ihciih  uliidi  often  luiiounds  the  tolony 
(gnmoblutlc),  mil  in  vbich  ihc  free  nicdiiioiil  fniiiui.  olicn  pruvnl, 
hMw  ibrir  Gonlul  wj^i  iJhmiI  in  ihe  wall  n(  tlic  iiiaiiulirinni  (Anlhii- 
mcdue).  and  ate  romistanl  villi  ocelli  iilacfl  al  iho  banc  of  llie 
lenUkdev    IfyJn  umI  iti  a1li«  may  be  included  hcit. 

I-luoijilei  :— 

SfmtryiN  tartii.  Ih«  free  meduKiid  of  which  is  cttlleti  Santa 

Bmgaiiit41ka  ramma  libenttei  the  mcdusoid  Afargelii  /wihmm. 
Cw^<yJ«tfi»  himtrh  and  Tulttlaria  larptx  \asK  mmiIc  gono- 
phocH. 

Tlw  keConil  Ijrpe  iorchiilci  Cimpuiiitariank,  Scrlulariant^  t'luinulariaiu. 
aad  other*,  in  which  tlit  iirutective  sheath  lutioundint;  ihv  colony  ii 
tiCMaa&tA  inlo  Ittile  nipt  enclosing  the  polypes  Icalyptoblutic).  The 
hac  Mudmoidi  liave  thvii  gooadi  plac<U  in  ihe  coune  of  the  ladinl 
CMwklLirptan>«itnidr),Mr<lafccitli«t  "iirrllnic"  oi  " t«iiicutaic." 


*st 


C<ELEXrE/lA. 


Eicunplct  :— 
PtianJaritt  ukI  Strtuiaria  \avt  towitc  j;cuophores. 
C«<i;M>wAvUj(iNi*railT<a  litwrMtt  the  mtiliuoM  OMta  jfimitidaig. 
{t)  Hj'dnxoaltiiuB. — Colonial  kava,  which  logsnl  the  HfdtMliniw 
In  (hell  poljnionliUm  ui'l  ilivitinn  <i1  Uliour.  b«I  ar«  <ll«iin|:uuh«(1 17 
their  |M<ir«i  of  uliinE  up  tioM,  and  mloimiai;  "comIil"    The  colonln 
ue  ocnnfilcK  ukI  divergent,  ihe  medutoid  penons  an  prolnliU  Miulc 
KCnophotcs,  bnl  asmplc  nuk  modiuoid  titx  be«n  docribed.    MM^vra, 
Stykutir. 

{t\  Trachjtncdiuac — Thete  cUu  only  in  Ihc  mcdiuoiil  form,  and  Jire 
dlvidol   Into  t»o  Btoujn.  TiMho- 
meduH  u»l  NairumnliiKT.  aocunl' 
lag  to  the  puiition  of  the  ijonaili. 
Getyenra.  Carmai-iim.  CWMinf. 

Atriiiefiii. 

2.   Order    Siphnno^hone. — Free 

iwlmnhif:    colonic*    of    modiAcil 

mcdutdd     penom     (mrduwonM), 

with  much  diriiian  of  UlKnit. 

/V/idA'd  (Poriucoe  Man-of-War), 

J>iffy*t.  VtUibt.  /ftrfita. 


B.   CUss  SCVPHOKOA. 

There  «e  ino  tn>e»— |joljpoj<l 
and  mediuoid — very  tanly  occiu- 
tJD^  in  one  life  likiiity.  The  ciiuric 
canty  ht*  Mrtiliuiu  wilh  (;"'lric  or 
■nHcnleric  tiUnienls ani)  iherr  u  an 
Mtodermic  euIIci.  The  mongloai 
eenetally  contum  mij^iiint  celli. 
The  reprodnctlvr  ccllx  >re  cndo- 
jmnlc. 

I.  bub-cloH   Seyphoni«duBr.   or 
Aonuptda— 
JoUy  ^iu  with  ffiittic  M*- 
mentt,  nib-f^eniial  pilti 
and  no  velum — 


FlO.  49. — Diagram  of  k 
synmoUMilic  lljdiomciJuKeL 
(Afiei  Alluak.) 

d,  Si«(n ;  ^  poM :  £t  VBi  canty ; 
J,  ndaJtrm  (4*rl():  t,  KtidcnD; 
/,   herny   Mruan :  /,  hydn   tiki 


p«noii"^t>i1mHh);  ^»  tht  tint, 


Luccmaruc.  —  Snulc 

fomw.    IjutmariA. 
(1.)  DiKOHMdiiaie. -~ Active 

fonnt,     often     wuh 

complioiled  life  hb- 

lory.     Airtlia,   /V 

lagi«,  Cjratmi,  Jiliite- 

ttoma. 
ly)  CoiKiineilu«e.-~ Forms  with  biooil  pseudo-velum,  and  other 

pecnlki  fealnrc*.     CkaryMta, 
(4.)  IVioinnluur.  —  VoTsM    with    fbut    (cniaculocynt*    only. 


OHitnMlnl ;  ^*  tiyfvHonH  hcviDB 
Bouili  1  *,  wc  like  Rprgductin  bod 
(«pD(04c>;  mt  a  nooifittt  bydrvmh 
(hlunitvw)  tiiarlna  tramsxti   I, 

ncdvioid  ""ifmoo- 


CLASSIFICATION  OF  C<ELENTSflA, 


'sr 


II.  Svk-dau  AlUbcaoti.  ur  ActinMM — 

VfAfifoM  rc«n»  wlih  wrti  ilevelojicil  cutl«l  moA  icpu.  and  e\f 
ciiimni  utiiule*. 

(l.)  Itaanlharia  oi  Hcxacoi^ln. 

(a)  Aainiuiu.     Sta  ■nenxinet. 

Atlinia,  Amimniii,  Ttalia.  CeriatUMm. 
(4)  MadicpnrariB.     Stone  oc  reef  conU. 

Ailr,iit.  A/oi/rtffra,  Fui^is,  JKMni/riHn. 
{t)  Aiilipathnri*.    "  Ihirny  "  tilnck  coriK  nllh  an  iu!a1 
kholclon.    and    ocraiiiiiiin]    <)lm;>r]<hi>.iii    lictiicen 
nutniircaiK)  icpiviluirliic  "  jxittiiiio,"  Anlipaikti. 
(■■(  AInoottris,  oi  OctoooruLo. 

Alrffttiiii  IDoil  ncii'i  ftngrn).  Titi'ifera  (Orcan  pipi: 
coral).  I'tra/l/um  (Red  oonl).  Gtrgtitla,  fimnaltai 
(Sea  pen),  Jtlmanaiia  (non-eojoniftl). 

TlwRiMMa.nrTeiraoornlla.  include  nrtlncl.ot  atmoil  «ntirrlyeilincli 
forai,  wiia  nDiucfom  Mpla  ia  wmo  niullt|>le  of  bur. 

C  Class  CrsNOi'iiOKA. 

DdScUC  Am  nrhnna^  Otnnitms  i^nalty  globular  in  Torm,  motini; 
by  OMUa  of  tjchl  mcfidunal  (owi  of  cUialed  putcs,  or  comUlike  toia- 
tJnatiom  nf  rlWa  ThcUln^nm  cdkare  utually  modlticd  tntci  "mlhoiit 
caUt."  Th«  moWli  U  M  one  pole,  and  louU  iiilo  an  cclmlcrnitc  i^Mcl. 
Tlw  p«Uic  ciVTlr  tt  muftltv  much  brsncheil.  The  mraenehyine  ii  \ery 
wdl  ifawtoppl.  and  ineludes  muicular  nnd  fnnni-clivc  cclbi.  Al  ihc 
abonlpole  Uiere  is  a  toiton  orfnn.  includinn  an-oioUili."  which  secnii 
<A  uie  la  ttcciing.  Here  nUo,  uieic  arc  iwo  excretory'  apcriuici.  Rx- 
ceM  In  J^frfv  nod  \X*  neu  relatii'o.  ihcre  are  1*0  relrnciile  Icniiclet. 
AQ  an  iKmaphfodlte.  The  devctopincnc  i*  dlrcd.  They  arc  (xUelc, 
very  KtiTc  in  halilt,  ORiiTMom  m  diet,  and  often  phi»|ihufcscenc. 
AcoMdini;  tn  Laae.  Ihoy  have  attnilin  with  I'lanaiinii  "  wurmi."  I>ue 
iliB  ii  voy  iMoertain. 

EiAinplef : — 

U)  With  lenlMlti,  C/Jiff*  and  the  ribbon  Umpcd  Vcnui'  Girdle 

(«)  Wibuut  Uniaclet.  Htri. 
HiU*ry. — Of  email,  a*  w«  would  rtpecl,  Ihc  rockt  pm«rvo  a  faithful 
teoufiL  anJ  wc  kiiu*.  for  inttance,  Ihat  in  ibe  older  (Palgcuwir)  ilnu. 
iIk^  irare  tcpreienlod  liyii  dUlinci  leriextKugci*  or  Telncnnilla),  of 
whick  we  have  M  nratl  iwu  or  ibrec  lurrivort.  We  often  talk  of  the 
imparfcction  et  the  Keolopotl  record,  and  lighlly.  for  much  of  (he 
litNmcy  haa  beta  bamcd,  many  of  the  volumn  ur-  torn,  nhnle  (hupim 
an  WMUtng,  aod  muy  |iaf^  are  liliitied.  Hut  ihit  iii>|H:ircv1  rccoril 
koenMiaiM  narpritc*  ut,  u  in  the  luiie  <li>tiiict  retiiaii><i  uf  aiidt-nl 
jeliy  Uu  wtiicn  aniauli.  as  we  know  ihrm  now,  arc  apparently  lillir 
•■(■«  ihu  acinated  n^a  H-aier.  We  ihoutd  also  grup  tnr  (onccption, 
with  wMch  Lyril  linl  tni»rc««ed  the  world,  of  the  unifonnliy  uf  nntuiol 
pmffari  t}irou|[bi>ut  the  hHiK  bbmryof  the  earth.  TImi-  in  cr>nn«tion 
villi  CickMm  we  learn  thai  there  were  |C'<al  cotnl  recfk  111  l)ic  iricakul- 


iss 


CCELESTEKA. 


ablv  diduit  paut.  7UM  u  Ihcrc  xre  conl  rtcf*  ilill.    So  in  the  Camtn 
roekfc  <i4iieh  ate  noU  to  tlic  o1d«it.  itinc  lire  on  nndjr  ilaln  nutkinij 
CMClly  lik«  Ihow  which  aic  non  left  kt  a  few  honn,  vhm  ■  laqc 

ely  Ml  Mnnded  on  the  llM  Imicti  •lovly  mcltt  iway.  On  ihc  olherl 
nd.  »in«  katns  ol  life  wludi  lived  lone  aicoi.  (can  10  huvr  ticcii  very 
dibRM  Iran  any  thai  now  remain.  witncM.  Tot  ex&mpk,  the  very 
abondoM  GraptolMc  tattilt.  *>hich.  though  pioliaMy  Cnlontcra,  itu  not 
ft)  well  Into  KUjr  o(o«  nwdcrn  ciosn. 

Ptdigre*. — As  to  the  pctligrce  of  the  Ovknicra,  Ihe 
facts  at  individual  life  hisioty,  and  the  scicnlitk  imaginstton 
of  nnttirali.sts,  l»elp  tis  to  constnici  a  gcncslogics)  tree — a 
hypothclic.il  statement  of  the  case.  Thus  it  seeiDB  wry 
likely  that  tbc  an<;c3inil  many  celled  animals— anccstrgO  to 
Sponges.  Cixlcnicnt,  and  all  the  rot — were  small  two  layered 
lubuliiT  or  oval  forms.  'ITie  many  celled  animals  roust  hav« 
ticf{un  OS  clusters  of  cells;  the  question  is,  what  son  of 
cluHtrra  — Rphcres  of  one  layer  of  cdU,  or  mouihless  ovaU, 
or  little  dmcs  nf  cells,  or  two  layered  thimble-like  s»cs? 
POMSibly  ilifitf  were  many  forms,  Inil  Hseckel  and  other 
nfttunlist*  were  led  to  li.\  their  attention  especially  on  the 
Iwo  layered  sac  or  gailrula,  because  this  form  keeps  con- 
litiually  cropping  up  an  an  embryonic  Mage  in  the  lifei 
history  of  animals,  whether  sponge  or  coral,  eiirthworn)  or) 
sUrfish,  mollusc  or  e%en  vertebrate,  and  also  because  this  is  , 
virtually  the  fonn  which  is  exhibited  by  the  simplest  sponges 
(Ascones),  the  simplest  Cceleittera  {Hydra),  and  even  by 
the  simplest  "  worms  "  (Turbellarians). 

If  we  begin   in   our  survey  with  such  a  gasimla-Iikel 
ancestor,  the  probabilities  are  certainly  in   favour  of  the 
supposition   that  it   was  a  free  swimming  or;ganism.      A 
gradual  perfecting  of  the  locomotor  characteristics  might 
yiekt  ihe  Iwo  mcdusuid  types  of  which  we  have  already 
spoken.     But  we  know  that  the  common  jelly  fish  Aurtlia<^ 
MS  a  prolonged  larval  stage  which  is  sedentary,  vegetative, 
and  prone  to  bud.     If  we  suppose  with  W.  K.  Rruoks  that 
many  forms,  Itas  consiitutionaily  active  than  others,  rvlajised 
into  this  sedeiitiiry  states,  with  postponed  sexuality,  and  with! 
a  preponderant  tendency  to  bud,  we  can  understand  how 
[Hilypes  arose,  and  these  of  two  types,  one  nearer  the  jelly 
fish  and  Luccmaiians  and  leading  on  to  so  anemones  and 
corals,  the  other  nearer  the  iwiminiiig  WU  type  and  teadii^ 
oa  terminus  in  H>-dr3.     It  is  certainly  suggestive  thaij 
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we  have  jelly  fi»h  wholly  free  (/>/.«(<)),  jelly  fish  with  a 
»e<lcnt.iry  Urv:i1  life  (Aurriia),  jelly  fish  predominantly  ^as- 
^\<:(Lu((rnan'ii\  and  related  poljpi-s  (Sea  anemones,  &c.), 
which  only  occasionally  rise  into  free  aoiivily;  while  in  the 
other  aeries  we  haw  mediisoid  iy|)ei  always  Tree  (Trachy- 
medusse),  others  which  arc  liberated  from  (Campanutariftn 
and  I'ubularian)  sedentary  hydroidx,  other  {Scrtulanan  and 
Plumubrian)  zoophytes  whose  buds  though  often  mcduaoid- 
likc  arc  not  set  free,  and  finally,  Hydra,  which,  ihougli  it 
may  creep  on  its  side,  or  walk  on  its  head,  is  pri;doniinai)ily 
a  sedentary  animal,  without  any  youihrul  free  nviinming 
Mage.  It  must  l>e  noticed  that  the  m<ysx.  rroiiiienl  larval 
form  b  (he  ptantila,  »>  that  if  wc  regard  the  ga^trula  as  the 
ancestral  type,  the  life  history  is  not  here  a  recapitulation  of 
the  lacc  history. 

GKNKKAl,  SCHBMK  OK  OEI.ENTERA. 
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t1.  \n(bitM«  4«  A4iintM04, 
{Zouihvi*}    Set  mirwDBW 

(AknoMk)    IlBt    Utn'> 
rfum     and      nlninl 


Tha  (inliniit  an  Fnt  nrlnaivn,  mil  % 
r<v  aitiilit  alto  an  JocAincior. 


fv  Auic^^lrpeofidlvliah. 
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I.   No  Ci««d  iiitc^ 


*0n«  ar*  rtut  libcnim, 
y  ConlUot  Mlll^pvfvi. 

0k  Hrdn  wiitwat  nny  hpnuJIr 


^  No  Tree  JtLiu;<.  ccctpl  «■  <intirjYi& 


t-  No  knvwti  free  >rAcb 
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Bionomm. — The  C'alcntcra  are  almost  all  marine.  In 
fre&h  water  we  find  the  common  ffyJra,  the  minute  Mi'crfi- 
hydra  without  tentacles,  the  strange  Piifyffdiitm,  whtdi  in 
early  life  is  jurasilic  on  sturiieoiis'  t^,  the  coniiMund 
CoriyhPkora,  occurring  In  cannJi  and  in  brackish  water,  and 
the  frcKh  watc-r  Medusoid  {^Umnocodiumi)  Tound  in  a  tank  in 
the  Regent's  i'aik  Botanic  Gardens,  and  another  similar 
form  rccenlly  discovered  in  Africa.  Sioax  of  the  active 
swimmers  arc  pelagic,  but  there  are  also  a  few  acti\-e  rorms 
in  deep  water.  Many  polyjies  anchor  u|>un  the  sliells  of 
other  animals  which  they  sometimes  ma»k,  and  there  are 
moxl  intcmling  consEaot  i«iitni.Tships  between  hermit  <Tabs 
and  »«  anemones,  t.g„  BtrRhardtii  pridtauxii  ^pA  Adamsia 
Palliata. 

The  hermit  crab  is  madicd  by  the  sea  anemone^  and  nay 
be  protected  by  its  stmging  powers;  the  sea  anemone  is 
canied  about  by  the  hermit  crab  and  may  get  crumtn  from 
its  uluindantly  sup|ilied  table.  This  illuslralcs  a  mutually 
beneficial  partnership  or  commcnsalism,  which,  however,  in 
some  other  animals,  may  degenerate  into  [>ara!(itism, 
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CkitfClants. 


I.   TUKBELLARIA 
I.   TrCMATOF'A 
%.   CESTOI'A 

4.  Nkwaiooa. 

5.  Nkmkktk\. 


i  FlaiheliniiitlK'S 

or 
]     Flat-worniJ. 


Thk  tille  "worms"  is  hardly  justifiable  except  as  a  con- 
Kcnicni  name  for  a  shape.  For  ilieic  is  no  dass  of  worms, 
ihe  aninuls  10  wltich  the  riamc  is  applied  fortninj;  a  helero- 
geneous  moh,  a  collection  of  clasws  whose  rclationithips 
are  itnperfcetJy  dixcerncd. 

But  the  zoological  interest  ni  the  diverse  types,  some- 
tiinet  isllcd  "  worms,"  is  great.  I'or  amid  the  diversity  wc 
diicem  affinities  with  Ccelenteni,  Echiiiodcrin*,  Arthro- 
pods, Molluscs,  aitd  Vettcbrai(^«. 

Monxxrer,  it  is  likc)y,  a^  luis  bevn  already  noted,  that 
eertain  "wfwins"  wt-rt  the  first  definilt-ly  to  ah.-tndon  the 
BXirc  jFTumtive  mdial  symmetry,  to  licgin  moving  wilh  <m>c 
[art  ti  the  body  always  in  Troni,  to  acquire  head  and  stdcc. 
And  if  ooe  end  of  the  body  constantly  experienced  the  first 
iiBpreariooB  of  external  objects,  it  seems  plausible  that 
«cn«ttiwe  aod  dctvous  cells  would  Im  most  developed  in 
thtt  BK»di  uimutated,  over-educated,  region.  But  a  brain 
arao  fruoi  the  inunlcii^  of  ectodcrmii-  cells,  and  its  be- 
ptay»<^  m  the  cerebral  ^nglion  of  the  simpl«Ki  "  woniM  " 
n  tbtts  in  part  explained. 

AfUD  it  may  be  noted  that  with  worm  types  begins  the 
*ne»  td  thpktblastic  c<elucnate  animals,  /.e.,  of  those  which 
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have  A  wdt-de(in«l  me»<Klen»,  and  a  mesoderm  lint-d  in- 
ternal cavity  dtaltncl  from  (he  gut  Hut  the  appearance  of 
a  wi;li-de\'eloped  Ciclome  is  very  gradual. 

It  is  not  at  present  possible  to  ha»c  much  confidence  in 
prefi-TTing  one  arrangement  of  the  niany  classes  of  "worms  " 
to  another,  hut  it  seems  useful  to  separate  the  segmented 
Annelids  from  the  unsegmenied  types. 


Class  TrKHKLLAHiA.     Plannrians,  &c. 

TiirMlariatis  art  unttgmenttd  "  twrmi,'^  /wing  in  frtsk, 
^roikiih,  tv  tail  wafer.  T^y  rrfrtscHt  Ike  b^Hnittf;  0/ 
Jifinitt  Mlultral  lymmttr): 

Tkt  edit/erm  is  aliaUd,  utid  tontains  fwuiiar  roJ-Jike 
bodies  irkaSdiUt),  and  MtasiffnaUy  sliitxing  er!/s.  A  fair  0/ 
ganglia  in  I  At  head  region  givt  off  Intern/  nerve  eordi,  and 
Ihire  are  umally  simfle  sentt  organs.  The  food  (anal  hat  a 
musmhr  fharynx,  is  v/ten  (•ranehtd.  and  it  atwayt  blind. 
In  diet  the  Turfyellarians  art  tarnivonmt.  T^ert  are  no 
speeitti  retfiratory  or  eircnlatory  organs  :  Ike  body  atvify  is 
rrprttented  at  moti  by  small  sfatrs ;  the  e.vertlory  system 
ksmif/y  eonsitts  0/  tuw  longitudinal  tamxlt  whose  branehet 
end  inltmally  in  eilialed  i_fiitme)  (tils,  £.vee^ing  fttw 
gmtra,  the  Tnrbtilarians  are  htrmafhrodUe,  and  Ih*  rtfro- 
duetht  organs  usually  sfiou'  ntme  diviiion  a/  labour,  e.g.,  in 
the  dtxthfmenl  of  a  yolk  ghnd.  which  seems  to  have  arisen 
as  an  artr-ntmrished  {Ay/vrtrofhied)  fart  0/  the  ovary, 

Chssifitatimt. 

A>  KhaJklooaUih,  — SnuUI  ficib  *ntcr  «nd  nwrine  fonni.    The  iMxIy 

Intdi  to  Iw  cylinilriol-      1'he   (owl   canal   I*  nrj  ilichtly 

Unnchril  m  *\<tM  tlni^\  at  ■Iw.-cii. 

M   Acnria.       I>«Biwnl«   (oraik   wiihiMl    hltMinch   *.f., 

OhiW»m,  wMcIi  oonlsiaH  pvoi  colb,  ns*"'^  ^  m»" 

H  tymt'lMK  Alp*. 

ID    HtulxloctrU.      Wilh  ktinisllt   HltCMIMc.  t^..    t'tte.i  ; 

JUtjrviirmt,  ■  uBltcKuiil  (ft«ii  waier  ff^"*-  *^l)i  ■'■■Vi'HE 
nHv  furminit  ifa>])OidHI]r  aiiunl  uciuil  cIwIm.  woie- 
limn  or  tiiict-n  iiutltiiliuls  hikkcMiiii;  iI>o  (»i^n  al  ^ 
•rrmontnl  ty)<r  j  Hr^filtk  Mill  An*flttdium,  iMMlk  IcL 
ortl  cUh). 
(jl  AUaiixvcto.  With  lotipl  01  Irrvcuhr  pri.  All  marine 
ncrpt  odpfnini  SwW  Ukol/VviwMwa  Ltaumi). 


TUHBELLASIA. 
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B.   DetMlroccriiifa.     Laiger.  Hatlci  fbnns  with  bronchixl  inlolioc 

(1)  TndMlidK.  Elongalcil  lUi  "  IlaDomni. "  i  ihc  uioulh 
and  lubokc  phiuyiix  lie  Whind  Ihc  miildlcorthe  IxkIv  i 
iMintinr  wilh  lhr<c  iii.ibi  luaiichm,  tlii-iiiwli-n  Imnchoi  \ 
Iwa  ovftriei,  Dumcrotw  jclk  gUnib  anil  min,  *  ciimninn 
MHiIilI  apenure. .  <^..  f^aiuaia  and  Dat4nfalta»  [in 
Rcib  wUet),  the  feomcr  Mmetimn  divida  trnmi'dwly  i 
Cnnda  itgm<nl^a  (marine)  showing  hinti  of  iaUriui/ 
HgmenMbon  t  Cetttainut  mid  Sifa/ium  (in  ilimp  cadhj. 


/ 
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ic  5a — Di*|B*Biiiatlc  (tpm 
ol  ■  diDiik  TurMUrlan. 

pAFI  itf  fid ;  '-',  loiiiplvliml  ■ocn- 

Cit.  cIliHari  K<ia4cnn    if  j.  ibod- 
4(n* :  <W,  wkidain 


Fk.  51.— Diapnmiiiaiicexprai- 
«loii  of  pin  itf  (h«  ttiwiwe  fA 
a  tiinplt  1'itilKllnrian. 

Ar,  Clliutd  Hioilita ;  e.f.  imhra 


la)  Polftlaifiila.  l^isc  tokf-likc  mtrlDe  "  PlanBriaM," 
wkti  numaoui  ititetiRial  lininchc*  illvciclng  from  a  crnlraS 
llomach  1  with  iiuni«R>u>  ovaiici  mil  tcilns  withuiil  ]i>lli 
glanib,  t»(»(l<r  wit'i  twii  ei-niinl  ii|ii,'iiiiif>i. 

(./-.  i'jKii/vriii  (ihoH'ini;  IvKninin);  of  aniik),  Ltftcfhaa, 


M* 


V/fSSGMEJVrSV   ••  WOKMS." 


J!tiafitfuiift,—Tini  icmarkaMe  fumK  C-fifftaim  ( Kowalswtky}  ind 
CMiqNIaiM  (KoTOtDCfTl  iccm  in  ipnic  wiyi  ialcrmciliilt  HtWMR 
TurbclUfiant  and  Cicnoplion.  Thiu  Ihr)-  hsvc  nn  ilni^  seme  ("0m> 
nnd  iclrarlilc  l>niiu:hed  tcMactd :  the  bionchine  of  the  bod  CMiM  ii 
tliGhlly  MiCKntiir  at  that  in  Ociiiiphoia  ;  intl  CliiuMimi  has  cighl 
•loroil  lianjr <•[  cili.iicd  eambtk  Tlic  icumliliincv  hat  Ixcii  mwle  iniieh 
uf  liy  Ijmig  and  othen.  Iiul,  apart  frum  ilirRt  sfTinily,  Ihcic  *k  liki'ly  Id 
be  rcwmWBiimi  of  "eonvctgcoM  "  (i«  |>.  j^l  Vflwctn  fomii  nui  far 
Kinaved  Ironi  a  common  Mock — lh*l  of  the  pnmiui'c  Mclmoa. 

The  oecKUonal  pre>>ciii:c  a(  a  retractile  pnihoxU  and  of  i  ciliaioj 
KTOuve  on  each  Mile  of  the  brain  k  «u|[geklivG  of  twu  cluuaclcriiiin  of 
Semoilcan*. 

The  Ttirliellam  an*  altu  rclaled  lo  the  next  claM— the  Trca»luilr>. 


Class  Trematoda.     Flukes,  &c.  " 

Tfit  TrtmtUodts  art  iMf-iikt  or  roundiih  external  or  in- 
ternal  l^ra$iUi.  With  their  ntodt  of  life  «r  may  aiuftiate 
(he  afisfftee  of  eilia  <m  the  surface  of  the  adults,  the  jtxll- 
farmed  and  apfrartntly  celMar  "culie/e,"  the  /•resetue  t>f 
attaehing  snekers  ( occafi-mai/y  wifA  hooks),  and  the  rarity  of 
itHSe  organs.  It  is  iikeiy  that  they  have  arisen  from  free 
TutMlarian-iilK  aneeitDrs,  and  they  rettmNe  the  Tiirtel- 
farians  in  heinc  unsegmented,  in  having  anterior  nerve 
eenlres  from  tvhiih  nenies  pais  haekteard  and  forward,  in 
the  rudimentary  nature  of  the  iody  cavity,  in  the  ramifying 
system  of  fiw  excretory  canals,  in  the  hermaphrodite  and 
usnalt}  complex  reproduetivt  system.  The  alimentary  canal 
is  usually  forked,  often  mueh  branched,  and  ttiways  ends 
blindly.  In  many  eases  the  animals  are  self-impregnating, 
but  cross  fertilisation  also  occurs.  The  devcl^'pmcnt  of  the 
external  parasites  is  usually  direct,  of  the  internal  ptirasites 
usually  iadireet,  invoA-'ing  alternation  of  generations.  They 
oeeur  in  or  on  all  sorts  of  Vertehrates,  but  those  which  have 
an  indirect  develcpmcnt,  a  nd  require  two  hosts  lo  complete  their 
lift  <yelt,  often  pass  part  of  their  lift  in  some  Inxxrlehrale. 

Tjrp^  Th  Liver  Fluke  {Fasciola  {Dislfima)  hepatiea). 

The  adult  fluke  lives  in  large  numltere  in  thv  tivcr  and 
tnle  duct  of  ihe  sKeep^  It  sometimes  occurs  in  cattle, 
hono^  and  other  domestic  animals,  and  rarely  in  inan. 


TREMATODA. 

In  ihtfslieep  it  causes  the  scfious  disease  called  liver  rat. 
The  Bninui  ii  (ta:,  oval,  and  leaf-like,  measures  about  an 


f  tu.  Ji.—Slnictutc  I'f  Lircr  Miikr.  (AAer  Sohmem.I 
Fmid  veiuni  nrfucv.  The  tinuichnl  gul  \gn.\  aod  (he 
lateral  BtTTc  \I.H.  \  Mt  ihown  to  ihc  Icii,  the  bnnchn  of 
lb«  eumory  vend  I/.i'.|  lo  llie  ri^ht. 

m,  Hovlb;  /4,  |*ari>i>  :  t>  iMtnl  lind  notion  :  p-j.  frirltil 
HiclHr  i  (.«,  pnlUMi  af  cimu  uc ;  an  vm  iiiilkala  ihc  aono'V 
apnfim. 

in  length  by  half  an  inch  across  the  t>ronde«  part, 
varic«  from  re<ldish  brtiwn  Co  grayiKh  yellow  in  4;oluur.  As 
the  wotd  Dislvma  su^ests,   thiere  arc  two  suckers, — an 


IM 
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anterior,  perforated  by  the  mouth ;  a  second,  imperforate 
a  Ifltle  further  Inck  on  the  mid  rcniral  lin«. 


Via.  5J.— Kcptoduttivc  Ors«ni  o(  Ui-w  Fluke. 
(After  !ioMMKk). 


T.  Tciui  (aninior}. 


M.  Uiain. 
t.i.  CimuiK. 
/  ftnli. 
w.  SIsuih. 


1'hcrc  is  a  muscular  pharynx  and  a  blind  alunentary  canal 
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liich  sends  bnnches  throu^^huut  the  liody.  The  nervous 
em  consists  of  a  guiglionatcd  collar  round  the  pharynx, 
>in  which  rKrvc§  go  forward  and  hackuord  :  o(  these,  (he 
I  which  run  laterally  are  mo^it  iniportant.  Although  ihv 
has  eye  spotH  to  start  wtlh,  iIiltl-  arc  no  sktik  organs 
in  the  adult.  The  l>i)dy  cavity  is  rcjircsi-nlcd  only  by  a  few 
Miiall  «|»ce9.  Intu  these  there  open  ihi-  ritinted  ends  of 
much  Iwanched  excretorj'  tube*,  which  unite  posteriorly, 
and  comtnuntcale  with  the  exterior  by  3  terminal  pore.  The 
reproductive  s)'&tein  is  hermaphrodite  and  complex.  Kroin 
much  l»anched  testes,  spennaioxoa  pass  by  a  pair  of  ducts 
(rasa  deferentia)  inf » a  seminal  vesicle  lying  in  front  of  the 
vcniial  sucker.  Thence  Ihey  arc  exiJtlled  ny  an  ejaculator)- 
duct,  whkh  passes  through  a  muwrular  prutrusil>l<;  [icni:!. 
^hc  retracted  penis  and  the  seminal  vesicle  lie  in  a  space  or 
^' cirrus  sac"  between  the  ventral  sucker  and  the  external 
prnita)  a[>crturc.  The  oraiy  is  also  branched,  but 
to  than  the  levies.  l"roni  its  lubes  ova  are  collened 
lito  an  oviitian  dua.  Nutritive  cdb  arv  gathered  from 
cry  diffuM.-  yolk  glands  collccteil  in  a  rncnoir,  and  pass 
3y  a  duel  into  the  end  of  the  aforesaid  ovarian  duel.  At 
the  junction  of  ihc  yolk  duct  and  the  ovarian  duct  there  is 
shell  gland,  which  secretes  the  "  horny  "  shells  of  the  eggs, 
liid  from  near  the  junction,  a  fine  canal  (ihe  [jLurer-Stieda 
canal)  seem*  to  |klu  dircci  to  the  exteriiir,  opening  on  the 
JotmI  surface  'llie  meaning  of  ihis  k  still  somewluit 
tlinecrtain.  In  some  cases  it  is  Hiid  to  be  a  coi>ulatoTy 
dui  t ;  in  others  It  is  r^iarded  as  a  safety  valve  for  over- 
flowing ptoducts.  I-'rom  the  junction  of  the  ovarian  duct 
and  the  duct  from  ilic  yolk  ru*ervoir,  ihc  cjigs  (now  furnished 
with  yolk  cells,  accompanied  by  spermatiKoa,  and  encased 
~  elU)  pass  into  a  wide  convoluted  tnetlian  lul>e,  the 
or  uterus,  whi<;h  opens  to  the  exterior  ftt  the 
o\'  Ihc  pcni^.  Self  ferlilisation  is  probably  normal, 
;il  in  some  related  forms  cross  fertilisation  has  been 
olwcfved. 

£/fe  Hiitiry.  -  -The  fcrltltsed  and  segmented  eggs  pass  in 
bfge  numbers  from  the  bile  duct  of  the  sheep  to  the  in- 
testine, and  thence  to  [he  exterior.  A  single  Rukc  may 
pniducc  Inwards  luilf  a  million  embryos,  which  illustrates 
the  proliftc  reproduction  often  asuociated  with  the  luxurious 


t«8  UArx£CMeyr£D  ■'  lyonMsr 

1  i     _  3  » 


Pio.  54.  'life  hjiiory  or  Liv^  Fluke.    (Aft«i  Thomas.) 


•perutld  ;  i.  i|»(«]r«  alili  ndw  (nminf  wnliln  u  ^  C  niU  •ilk 
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coiidiiioiis  of  parasiii^im.  and  almost  essential  to  the  con- 
tinuance of  ipecic^  whose  lift-  c>'ct(.'*  are  full  of  risks.  Oui- 
side  of  the  hoKl,  Imt  still  within  the  c^g  case,  tlie  emhrjro 
develops  for  two  or  three  wc«k&.  and  e^'enttiatly  csca|KS  at 
one  end  of  thv  sh<.-ll.  Those  which  are  not  deposited  in  or 
beside  pools  of  water  must  die.  I'hc  free  embryo  is  conical 
in  form,  coveted  with  dlia,  provided  with  two  eye  spots, 
and  actively  locomotor.  By  meiuis  of  its  cilta  it  svrims 
actively  in  the  water  for  some  hours,  but  its  sole  chance  of 
life  dqiends  on  its  meeting  a,  ^mall  amphibious  wnter-snail 
(Lymnim  fruwa/u/a),  into  which  it  bores  its  way.  In 
an  epidemic  among  horses  and  cattle  in  the  Hawaiian 
Islands,  the  host  was  Z.  eakutmh  (\,uU).  \Vithin  the 
snail,  t-X;  in  the  pulmonary'  chamber,  the  cmbyro  l>ccome3 
passive,  to).e«  its  dlia,  increases  in  sixe,  and  becomes  a 
sportxyst.      Sometimes  this  sporucysi  divides  iransvenrely 

(f'*%-  S*-  4)- 

Within  the  sporocjsi  certain  cells  Iwhavc  like  parthcno- 
genctic  o«.  Each  segments  into  a  ball  of  cells  or  morula, 
which  is  invaginatcd  into  a  gasirula,  and  ^rows  into  another 
form  of  larva~lhe  miia.  These  redi«  burst  out  of  the 
sporocysi,  and  micnite  into  the  liver  or  some  other  organ, 
killing  the  Miail  if  they  are  ver>-  numerous.  Indeed  the 
death  of  the  snail  is  probably  necessary  for  the  escape  of 
the  final  larva*.  Each  rcdia  is  a  cylindrical  organism  with 
a  short  alimentary  canal  (Fig,  54,  6). 

Like  the  sporocysLs  the  redtx  give  rise  internally  to  more 
embr)-os,  of  which  some  are  .limply  rediie  over  again,  while 
the  bst  set  are  ijuite  different,— long  tailed  ttrtarite,  with 
two  tudcert  and  a  forked  food  canal.  These  emerge  from 
the  rodi<i;,  wriggle  out  of  the  snail,  pass  into  the  water,  and 
moor  ihcmBcb'cs  to  stems  of  damp  grass.  There  they  lose 
Ihcir  tails  and  l»ecomc  encysted-  If  the  encysted  ccrcaria 
on  the  grass  stem  be  eaten  h>'  a  sheet>,  it  grows,  in  about 
six  Weeks,  inln  the  adult  sexual  fluke. 

To  reca pit u late,  the  developing  embryo  becomes  a  free 
<iwimming  form,  which  bores  into  a  snail,  and  changes  into 
a  sporocyst. 

Front  certain  cells  of  the  sporocyst  lediac  are  developed, 
and  these  may  simibrly  give  ri^  to  other  redia:. 

Eventually,  within  the  rediie  the  tailed  eercariie  are  formed, 
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and  titvse  in  Tavouring  circumsunce&  grow  into  the  adult 

Th«  lAxn-^  hUlory  hu  Xnera  inili:p«n<l«nt|iF  woikcil  oul  liy  txiKlun 
Bni]Thon>u 

It  will  be  iiolc<l  Ihii  the  ipotofjni  ii  ihc  modiricd  emlirTD,  liut  Itul  il 
hu  Ihe  poHcr  of  civin);  ri>e  Mciuittly  tn  mlln^  Thea:  develop,  hov- 
ever,  fmin  (iprciaTceUt  of  ihc  >,|>oioc]r>>   uhich  wc  nuy  ogmparc  lo 

errociinibly  ocvclopcd  p*ilhcn<i|;eiiciic  ml.  Thinigh  the  reprudiiclian 
Moxual.  It  in  not  conniaraUc  lo  building  or  divufon.  Tbr  tame 
power  il  pcneaNd  lijr  the  Rctiie,  ■nd  there  ire  thiu  leveial  (al  Icwl  two) 
uexiwl  eenenttons  betweco  ihc  cmliryo  ami  the  ddulu  l''imlly,  il 
■nuil  lie  e\cM\f  undemood  ihal  Ihe  ccnum  U  the  youne  Auke. 

Tlic  ditowe  of  Ikei  lot  In  nhccp  is  c»minon  and  diuutcoui.  It  hu 
been  known  to  'Icdri-v  si  inilUnn  thnp  in  one  jtat  in  Brilkio  alone,  ami 
in  the  winter,  i)f79*So,  Ihe  nnjnnlity  alttibuird  In  fluke  dlKaae  WM 
nlinuled  >I  thiee  nillioni.  Il  a  apcciilly  cummon  nflcr  wet  mbmhu, 
•ad  in  damp  dirtrictt.  The  prcvcntiiei  !<u)a;eiied  niv  drunive  ol 
jiMiuti  aed  dicMnp  of  lime  and  uill ;  dcMiuctioii  of  ihe  cap,  the 
KnailK.  infccitt)  nianirte,  and  diwawid  thecp.  Il  It  uniul  to  ^m  ihe 
infated  iheqi  Home  nil  anil  a  little  ilr;  foocl. 

Ciassifiattwrn. 

TraMtoik*  with  direct  dcvclnpmetit  —  MMmecnetic 

«4n  iVfUtrnmni  intttrrriiHitm.     Thlk  lurin  wllli  miuiy  nicker* 
U  often  luutiJ  in  the  )>UiUer  ol  ibr  ttv^-     Il  KKBi'hrt  Itwif 
in  iti  yuulh  to  the  giUi  ol  tadi>oln,  (miiuw  ihcncc  lluoueh 
the  fowl  oum)  lo  the  ■•ladder,  abac  It  develop*  Aiwly 
(oireari. 
Cjr»Jaity/iu,  lounil  on  the  gilUnnd  lini  af  ftelhvalei  fiihei. 
Il  ■(  vl(ip«rout.  but  tlic  ciuliryn.  Iicruie  it   i>  ekiiuded, 
ittelf  cuMntnt  an  cRihvyo,  and  thit  In  turn  annihet,  *d 
Ihal  three  i^nctaliocit  nf  cmUyn*  are  tepnMntcd   >lM- 
■llaiieowily. 
OMmam  /vwAinfM,  cunuidi  of  two  indiiidualt  untied. 
Tb«  tingte  eralityti  {Ih/iirf^)  a  at  firil  lice  iwiinmini;. 
bat  brconK*  a  jiaiiihlirnn  iIk  fpA*  ofa  minnoH,  and  Ihcd; 
tw«  InrilviiJuaU  uollc  <e()  cbiKly  anil  pennanenily. 
TWtOawn,  ailli  three  wickeri,  i*  not  snoomcrMm  on  Ihc 
akin  rii  Kime  ■iiafinr  tidiet. 
Tmnalodn  uttb  indirect  develo|inKiM— Dip»Mk. 
4^..  f^Mt  ur  Diittmm. 

Si/tattih  M  CritM*f**rtu  *^ma/ti^Hi.  a  dangcfom  i>ar>dtc 
ofnMH,ii(i(l*lvilitiiitiul«ilin  AAWa.     Il  intr>t*lheuriaaiy 
ami  n^eral  lit<>oil  towhi.    The  arxn  aio  te|Mralt,  mkI 
Ike  Male  carriei  ihr  lemale  inunnl  in  a  [roove. 
.IffneiUiMm,  a  hiim  witli  one  ucker. 
The  ittatkimUpa  of  Ihir  duM  uv  on  ihe  one  hand  with  llio  (tee  Bviof 
TuiImIMmi«,  on  t)w  Mbw  ImhI  vKk  the  paiatkie  Ceuodei. 


C£S7Vl>^. 
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Clasa  Ct^ftioiiA.     Tapeworms. 

TV  Cistodtt  at*  inltrnal  fiarasilcs,  ivAou  ti/t  Mslory  in- 
efwdet  a  UaJJerworm  (pr^st^tx}  and  a  lafrun/rm  (slritita) 
itagt,  Ike  former  in  a  Vtrtttiratt  or  lavtrttbratt  hast,  tht 
li\IUr(wilh  one  fXttf^ion)  in  the  pit  «f  a  Verlelrnte.  In  a 
fewatstJ  Ike  body  I'l  unuf^tn'eJ,c.g.,  Arcliigcics  ifwrfCaryo- 
phyltaeus,  tvi/h  one  ul  of  f^adt :  in  a  few  Mies,  e.ff..  Liguls, 
tAert  is  a  ttriitl  rtpitition  of  g»nadt  wHAont  dhlinsl  stgmentit- 
lion ef  tke koJ\ :  in  mosl ctues.K.^.. Ticni-i  itad  If(>tliriiit:t;]ilialu«, 
tike  body  of  Ihr  tapesi^'rm  formt  a  <hain  of  numer-'ut  foinlt  or 
fragMlidti.  etieh  n-itA  a  set  tt/  gonadf.  Thus  the  <lait  in- 
(iitdei  Irantifioni  from  uniegwenUd  lo  Sfgmented  f^rms,  Iml 
tke  /alter  art  imptrfrelh  inlei^rii/ed.  The  generai  form  of 
Ikt  body  is  lafe-likt  and  hil,tltrally  iymmelrua/,  u-ilk  kvokt, 
jiroevei,  (w  mitten  ensurini;  allMknient  I:)  the  gut  of  Ihf  h»sl. 
The  nertwis  tytlem  (omisls  of  {angitudinal  nertt  itrandi  and 
anterior  gangtionated  tommtisnrei :  there  are  ho  t/vd'tt  sense 
tfrgons.  Jtere  it  no  alimentary  system  :  Ike fannile fli>atiHg 
in  tlie  digested  food  of  its  kait  abiorbs  soiubie  mattrial  by  its 
general  surface.  There  is  no  vaseuitir  nor  respiratory  system, 
and  tke  My  ean'ty  it  represented  merely  by  irregular  spates. 
Into  ffme  of  tkest  spates  then  upen  iiliafed  funnels,  the  ends 
if  tht  fine  branekes  of  longiliidinal  exeretory  tutts.  7ckich  tin 
ettnneettd  tmnrversely  at  eaeh  joint  and  optn  termimilly  h'  one 
or  miire  porej.  All  tapewormi  are  hermaphrodite,  and  mast, 
if  not  all,  are  probably  selfftrlilising.  Tke  mate  reproduetive 
organs  inelnde  diffuse  leslei.  a  rvM  deferens,  and  a  prolrusshit 
terminal  eirrvs.  Tke  female  organs  ineiude  a  pair  of  ofaries, 
yolk  glands,  a  shell  gland,  a  vajpna  by  wkteh  sf>ermato%oa 
enter,  a  reetpiaile  for  storing  spermttto^ott,  and  a  uterus  in 
uMtk  tke  ova  defeiop.  The  embryo  dn-etops  within  another 
knf/  in4»  a  preseeAex  or  bladderworm  stage,  whieh  forms  a 
"head"  or  uale.x.  When  the  kost  if  Ike  bladderworm  is 
talen  by  the  final  host,  tke  uole.x  develops  into  an  adult  sexual 
tapeivorm.  With  tke  eonditions  of  endoparaiitie  life,  we  may 
asu/tiate  the  oeenmnte  of  fixing  organs,  tke  absenee  of  tense 
.trgans,  tlie  Itnc  though  samat'kat  complex  eharaeter  of  tke 
mr^  "I,  Ikt  entire  absent*  if  a  food  eanal,  and  tke 

prt'^.  '.tietion. 

Lift  JJuitry  of  Tania  solium. — This  is  on«  of  the  most 


I7a 


UNSEGMEXTED  "  IVOHMS.' 


fretiucMi  of  tht  (niicit'ontix  infesting  man.  In  its  ndult  sUlc 
it  i%  often  many  feet  in  length,  and  is  attach<.-d  l>y  its  "  head  " 
to  the  wall  of  the  int(»(ine.  The  head  beat^  four  suckers 
and  a  croivn  of  hooks,  and  buds  off  a  long  clutn  of  joints, 
which   dcvt:lo|>  (;omplt:\  re|jroductive  orgaits  a.s  the)-  get 


Kla.  55. — Diocrara  at  icproiluiitivc  oi^gini  Id  Cetlode  joint. 
^<i<i>ln>cl(:il  ttom  Lst'CKAHT.) 

tt^..  iJwU  (ImuI  :  jiX;  V-'ik  K<*Bil ;  ■■■■•/.,  ru  ilifirrri :  r.  tajiiiB ; 
rj..  nccplAculuin  neniinU :  t-t-,  lontituiliiul  vtcnior)^  ducik ;  r.A, 
InmnrnM  MJ«t  ominKilns  thtw. 

Hw  iautA  lint*  ribvit  iml  below  tt\«t 
taMriMbOKtcnotibc  pio(l«i<>. 


em  ill*  uwriw  MiJ 


shunted  further  arid  furthw  from  the  head.    The  last  of  the 
joints  or  frvgMtidfs,    is   lilierated    (sin^f  or  alotig   with 
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ocbera)  and  passes  down  the  intestine  or  its  host  to  the 
extCTiOf.  It  has  some  |>ower  of  muscular  contraction,  and 
it  diMvmkd  with  liiiU;  embryos  irjchln  tirm  egg  shells. 
When  the  proglottiK  nipliires,  these  egg  cases  arc  sci  free. 

In  certain  circumMantcs,  the  embryos,  within  their  firmly 
resi&Tent  i.-gg  shells,  may  l>c  swallowed  by  the  omnivorrius 
]>■){.  Within  the  alimcntar)-  canal  of  thi^  animal  the  egg 
ihdls  are  dissolved,  and  ihu  embrjos  bearing  six  anterior 
hoolu  are  liberated.  They  bont  their  way  from  the  intestine 
into  the  muscles  or  other  «lru<-turcs,  and  there  encyst. 
They  increase  in  si/c  and  become  passive,  vegetative, 
asexual  "  bladdcrvrorms."  A  bud  from  the  wall  of  the 
bladder  or  frmo'iex  grows  into  the  cavity  of  the  same,  and 
foniit  (he  future  "head"  or  st&kx.  It  is  afterward* 
evened,  and  then  the  bladder«-orin  consists  of  a  ^kmall 
head  attached  by  a  short  neck  to  a  relatively  large 
bladder.  But  this  remains  quiescent,  and  without  power 
uf  further  development,  unless  the  pj^  be  eaten  by  some 
other  \'c«e( irate. 

When  man  unwittingly  caw  "  measly  "  (wrk,  that  is  ]xirk 
infested  with  l^ddcrworms,  an  opportimity  for  further  de- 
velopment is  afforded.  The  bladder  is  lost,  and  is  of  no 
troportance.  but  the  "  head  "  or  scolcx  fixes  iisclf  to  the  wall 
of  the  intestine.  There  it  is  copiously  and  richly  nourished) 
and  buds  off  ascxually  a  cluin  of  joints. 

As  these  joints  are  [nished  by  younger  interjmlated  buds 
furtltcr  and  furtltei  frfwn  the  h^id,  they  ticcome  ),c\uatly 
Riature,  dcvelopit^  complex  hermaphrodite  re|(roduclive 
organs,  llic  o%'a  produced  in  these  arc  fertilised,  appar- 
ctilly  by  spcrmaioioa  from  the  same  joints ;  the  proglottis 
liecome:i  disltndcd  with  ri|>c  eggs  and  developing  embryos. 
These  ripe  joints  are  libiiatcd,  and  the  vicious  circle  may 
rccommcnre.  Happily,  however,  the  chances  are  Ihiny- 
tive  ratlho<it  to  one  against  the  embryo  becoming  an  adult. 


Tbr  alinTK  hialory  1*  Irllir  mutalii  mM^mHi  Tut  ninny  olhcr  U|x- 
•uniM.  It  will  hi  ohiwrvrd  lltnt  ihr  cinliiyo  (^nxn  inln  a  frtniM/j  at 
UkIiW.  aMch  imi\t  oH  t  i/eiix  ur  iieail,  uliich.  in  nnoihirr  liosi.  Iniils  vf! 
Otv  chcia  til  fr^ftttJii,  iMt  kt  il  it.  viituairy  itir  same  animal  ihrough- 
<Mi(,  (he  life  nittory  iloa  not  indiiilc  >□  "  iticmaiinn  of  gf^nctationi." 
Il  ■■  diMlMfol,  howcTCT,  what  letni  ihonld  he  applinl  lo  thoic  out*  in 
Mlikh  iho  lAtM^mtam {OraMrtu  and  £(Aimt«iiai\li>ttat«o\<me'tmA 


'« 
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onty  tnii  umny.tMh  or  which  it  c«)ablt  oltKcominsux'tli'll  iii|K*Mni. 
The  iinty  known  excqilion  (a  the  bet  lh>l  nxatl  Capewornu  aic  iBr»>itra 


FiC.  56. — Ule  hUtoiy  of  T,f>m  seitnai.     (Aflci  I.RUCKAltT.t 

I.  Sli-bnlitt]  tmlinFO  in  esc  cut:  >.  |>nK<:1»  or  liliaMttwMin 

V  fnlkittht  h*>fl  of  adull,  ttr^wliiE  auilifn  ahd  boiL* ;  ^  nncral 
*itv  iiT  ibc  luprwvrni  fn»n  •mill  hrait.  and  ilnn  nnk  t4  tM  ilpe 
jDiiut :  6.  •  rip*  joiai  -K  tuonlon^  villi  ulnui. 

of  Vcrtiliraic*.  »  Anhiitit:  liiM-iii,  a  umple  cnloils  which  U  texual 
within  tlic  (moil  ficth  wiln  wnitn  TuHfit  ristiltmm. 


ffEMEKTEj*. 


■  7S 


Ufi  Histories. 


AsotT,  Skmum.  ca  T*r»niu* 


bur 


(.  Tifwi*  wMrw.  iN  MMk.  aiih 


in  tBBn,  »itb  fair  mdkjm.  but  i"t  hoOh>p 

).  /tMrim^Siit  Uita.  in  tua,  wiih 
iwfl  Weal  ■idtEn.  km  Blih  ■»  hoA.. 
•rill)  )•■■  iliHiMi  Kpuuian  of  ili:  urat- 
halMH  ihui  In  r«iU. 


(■   Timl*  onaM.  In  das. 
r«Wa  ■UtX'm.uidoV- 


Ni.-A-SiiiUAt..  Pt-is-'iiju.  <-•  fii-*uaiui- 


(Im 
I. 


.  CrttSttrtn  alMtr,  in  aiuek*  U 
niUdijMiKiTni  In  tuth. 


y  IfK  cilulpd.  fr'c  p-vinnninf  i 
<»»«•*■  puHri  In  III;  irik*  V  1 
tiul  ■lUliuul  ■lUiiirui  tj|iiildvlUt*MiciL 

4-  jEiAiMRCcutwiUrflwrMn,  In  ikiDMMk 
wllmititrTd  «oin*liin««  La  ir»An.  )p»diKiiif 

"bodT'^ 

in  •faBt|^  firuliKinit  uunieruin  "  haa-lt.' 

OxMx'ni'  in  iIok  Ioum  i'  ptrtiapi 
InlkL 


Tlic  CcModef  ue  dcMcly  ooniMclcd  wiih  TicnutrKtu  liy  tuch  liirinii  n> 
AmfJkilimA,  CvjMfhfUitm,  Jniixrlis.  VaxAc^cM),  ihcy  arc  iiiitii.-<i' 
isC,  on  acoanl  «  tntic  life  hiMoiKs  ihr  •Ic^nrruii-ir)  avhicuiIpJ  vtiih 
ikdf  ponsiluiB,  the  pfevalenceof  wir-ini|nq;nili<jii.  nud  tht  cumiilciii) 
of  ther«piatucnvc  trtjpMt.  I*raciiuM^,  ihtry  stc  ufinipDitnnce  u.  imri- 
•tit*  <>'  mnn  uiil  rimnMic  liiinmb-  The  medical  itudcnt  ilinuM  (iuimiU 
Lnickvi's  Ki''''  wiicV,  /^  t'antiitti  sf  MaH,  part  of  vliicli  Ium  l>CL'n 
WnlMRl  \>j  W.  K  Hoyto  t&lin.  iSaoV 


Oau  NRMeRTTJt.     Neiuercjnei. 

The  NtnurlitHs  art  Kvrm-liit  nm'ma/i,  umtgiWHUJ,  and 
gtntriiUy  thngale  in/artn.  Almost  nil  an  marint :  mill,  if 
Mtrt  all.  art  asrnrtvnius.  Ampng  their  (haratleriititi.  the 
fiijltnvi'ig  art  mtnl  HOtett't'rtfy : — TSf  itin  it  eiiialeti :  there 
is  a  remariatlr  refrtttiHf  frt^seis  ;  the  head  betirs  a  ptiir  of 
cilialed  fits  :  the  nerpous  system  toHtisIs  of  a  brain,  a  earn- 
minure  artmnJ  the  firobosiii,  and  two  latenil  nrrre  eords ; 
iktrt  is  a  orlomic  mseular  system,  a  fiair  i>/  anterior  Htfhridia, 
■turf  a  simple  reprmlueUve  system.  The  sexes  art  Hsualiy 
Ufaratr.  In  some  the  dtwlofment  in/Met  a  fveuUar  felagit 
lart^l  stage  ;  in  uthrrf  there  is  no  metam^rrfhisit. 

Exttmai  Afptaraiut. 

Some  ftre  ribbon-like,  others  thread-like-,  nnd  Uic  cross 
icction  \*  geficralljr  a  Ihtlened  cylinder.     The)'  >'ary  grcatl)- 
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■Knovlauiou  I«ikI  IowmO*  ihc  t«tauu»tiJon*  Minit  clmnctcriitic  uf  Ihc 
iia*c<M  lytlMiM  M  Anncliihi  and  iVithropodt  eat  tb«  one  hand,  nnd  (A 
VttirimtA  on  the  otbn. 

Lateral  Organs. 

On  each  sick  of  the  ticad  ihcrv  is  a  ciliated  pit  communi- 
cuing  with  the  exterior  through  an  open  slit  or  groove,  and 
communiciting  tmcrnally  either  with  ihc  brain  itself,  or  with 
adjacent  .-|i>d  as^sociated  nervous  tissue.  In  those  caies  in 
which   the  development  has  been  studied  the«e  so-cntled 


J.V.tH. 


iaiml.    (After  llURr.KR.) 

dHHUf  totttCHV  ;  /■^W-.kfllEMIHllnAllllllifW:  f.m.,Uittt}  Hrvtwilh 

htandn;/',.  pwaidinujir..  (ui  l  t.r..  Iaisnlhl«sd  Hwl.bnldi 
■hM  Ma*i«*  iMMl :  Ai^i  •Mi«l«T  pan ;  J-*-',  danu  bisud 

Ifttcfal  organs  arise  from  epiblaslic  insinking^  .nnd  (esophumial 
outgrowths.  In  the  most  primitive  genus,  Carineila,  tliey 
Are  slMent,  except  in  one  &pcci«s.  It  has  been  suggesied 
thtri  they  conduce  to  the  respiration  of  the  brain,  which  b 
nch  in  hctnofthihin,  and  the>'  have  even  been  compared  with 
gill  ftlita.  In  Konic  fornix  (he  groove  through  which  they 
12 
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oi>en  10  the  exterior  \%  rhyihmicA>1y  contractile.     It  hn-t  also 
been  suggested  that  the)-  me  sensoi)-. 

Sense  Of^ns. 
NemertinL-s  are  ^x-ry  sensitive,  and  in  many  (his  is  to  be 
associated  with  ihc  superficial  ncr>^  plexus  already  men- 
tioned. Tactile  papilla;  and  hairs  are  also  present  in  some. 
Eyes  and  eye  tipots  are  of  k*^"<-'^'  occurrence,  and  in  sofne 
cases  oiocysi  sacs  have  l)ecn  oliserved. 

A/iHuntary  System. 
A  ventral  mouth  le3<iK  into  a  ]i|aiied  resophagus,  which  is 
follon'cd  by  an  intestine  with  regularly  nmingcd  lateral  Cicca. 


Fia.  jS. — Tnn*ierie  KCiloa  oJa  Ntmertcan— CarmMtfi, 

(Aftcf  Ill'ltOKIU) 
d*.,  t>Hikl  Imtm ;  M.,  pmbnaSi  aniy ;  f-.  fM  J  tJir,,  dmilu 

If..  tawM  mhA 

Dd  wccti  (he  cxca  run  transvcru:  muscle  partitions.  The  anus 
is  terminal.  In  the  adults  of  tlit-  primitive  genus,  Cariittlla, 
ttw  cteca  are  alncnt,  but  tlwy  are  present  in  the  larva. 

Tht  Preinttds. 

In  a  cavity  along  llic  tlorxal  median  tine  there  lies  a 

reniarkalile  organ,  known  an  the  proboKis.     It  is  jHotruded 

and  retracted  throuKh  an  opening  above,  or,  in  a  tew  cases, 

within  the  mouth,  but  it  has  xto  conncaion  with  the  ali- 
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rncnUry  tyttcm.  Tht  proboscis  is  a  hollow  mtisculflr 
iimciurc,  very  richly  innervated,  and  is  somciimcs  protruded 
with  such  force  that  it  wparalcs  fcon)  [he  ixidy,  >'knd  then 
■' often  rttaini  its  vitality  for  a  long  time,  apparently  crawl- 
ing abo«ii  a*  if  it  were  itstlf  a  worai  "  (Hubtecht).  It  has 
been  compared  in  itx  retracted  i^ite  to  a  );love  linger  drawn 
in  by  a  thread  attach<.'d  to  its  tip,  the  tlirend  being  the 
retractor  mu^te.  But  in  front  of  the  attachment  of  the 
retractile  muscle  there  is  a  non-cver«ible  glandular  region 
which  secretes  an  irritant  fluid  In  many  eases  there  is  a 
stylet  at  the  tip  of  the  eversible  (lortion,  andifthitbc  absent, 
there  arc  stin{;i»g  cells  or  adbetive  papillae  I'here  is  a  hint 
of  a  similar  stnicture  in  some  'iurbellnrians,  and  ihc  orj;an 
is  usually  interpreted  as  on«  which  was  originally  tnelile,  but 
which  has  become  secondarily  aggressive.  It  is  protruded 
by  the  muscubr  contraction  of  the  n:it1s  of  the  proboscis 
»hcaih.  which  forms  a  closed  iravity  containing  fluid  and 
surrounding  the  proboscis.    (I'ig.  57,  P.s,) 

Vaitvhf  Syiiem. 

In  the  majority  there  arc  three  longitudinal  blood  vessels 
or  blood  spaces,  a  median  and  two  laterals,  which  unite 
anteriorly  and  pOBterkirly.and  also  communicaiu  by  numerous 
transrersc  vessels.  The  vessels  or  spaces  are  remnants  of  a 
Ocstotne.  The  blood  is  a  colourless  fluid,  sometimes  at 
leaBt  with  corpuscles  in  which  hiemonlohin  may  be  preseni. 

Exfrtlary  Si'i/fm. 

In  most,  if  not  all,  there  arc  two  coiled  ncphridia, 
one  on  each  side  of  the  tetopha^us — opening  anteriorly. 
(^■'g■  57.  £A) 

Rtpr^mtiW  Svi/em. 

The  sexes  are  usually  snnrate,  and  Ihi;  repiuductivc 
organs  arc  always  simple.  They  consist  of  umcile  sacs, 
omngcd  in  a  series  on  each  side  tietween  the  inietiinal 
oecii,  and  communicating  with  ihc  exterior  by  fine  pores. 
The  ova  are  often  laid  in  gelatinous  tubc^  and  nre  proluibly 
fertilised  shortly  liefore  or  at  thctimeofcxirasion.  In  three 
Of  four  forms  known  to  be  \-iviparod9  the  fcrtilis.iiion  must, 
of  coone,  be  internal. 
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Drvthpittemt. 

(i.)  In  Cerebratulm,  <h:,  ihe  bna  i»  atUpted  for  pt:1af|;ic 
life,  and  is  known  ii«  \\m  PilidiHrn.  "In  external  shape  it 
resembles  a  helmet  with  sjiikc  and  e^tr  lot>es,  the  spike  Iwing 
a  strong  and  long  flagcllum  or  n  tuft  of  long  cilia,  the  ear 
lobes,  lateral  ciliated  appendages"  (Hubrecht).  (i.)  In 
LiHtus  there  U  a  )>edentar>'  lat^-a,  which  has  been  intcqirctcd 
M  a  reduced  t'ilidium,  and  is  known  as  the  "lan-a  of  Dcsor." 
ii)  In  i/ofhtifm^rltii,  the  dcvelo|>nietH  is  dirett  without 
mctamoTphosis. 

ffahUt. 

Most  Nemertines  arc  marine,  creeping  about  in  the  mud, 
under  stones,  among  seaweed,  and  the  like ;  many  are  able 
to  swim;  Pelagonemerfet  isjxila^ic;  a  few  live  in  fresli  water; 
Atii/a(i>M</ia  lives  in  tlie  mantle  cavity  of  marine  bivalves, 
and  two  others  occur  on  crabs.  >Iost  secni  to  be  t:i>mi- 
vorous,  eating  oihcr  "worms."  Many  break  rcndily  into 
pieces  when  stimulated,  and  die  Schi/oncm«tea  arc  able  to 
regenerate  what  they  lose  in  this  way. 

Cbuii/Uulieti  (after  llubRchi)  :  — 

PalMiumtrtt* :  No  deep  bMil  Aitura ;  MMjiM  j  month  Iwhind 
tmin. 
t^.,  Cmrimlla,  Cif^UlA'ix,  Carituma,  Ptlia. 
StiitMrmtrUa :  A  ilmp  hmJ  liBUtc  wilh  a  cilutcd  ilucl  to  thn 
birili ;   Ulctnl   iKtvci   tietnecn  Ihc  lonEilacliaal  anrd  inner 
eircutu  vautcln :  mouUl  Ithlnd  drain. 
fj.,  LiHtui.  Ctnifufu/M,  /jiMtin. 
Ht^eftttrht:  No  dorp  hotd  IImuco  ;  lalrnl  nerves  iiuidc  the 
«lei  t  Mylct  iwoscnl  i  tnouth  cencrelly  in  r>onl  of  fanin. 
t„  Amfkifimt,  JV^rimrfti,  SrtfMttfktrKi,  Mahtvkitila, 
Im  Im  hiu  no  boul  Auuta  nor  >|Mm«  on  ih«  pro- 
bOKfa,  biM  bMn.  >  (KHtcrior  tucker. 

AVJtf/Mu'i/f.— Son*  of  llw  dwrxlcriiUci  ot  ibt  NcHmteuit  arc 
hUledal  smung  ihr  I'urtKllnrlant.  I'loreuw  IlalMecfctluunuunUiiieil 
Dial  N««Mtmn<  nliiUl  ■SiniliM  *Uh  VciicIiimm.    (XwOuptcT  W.) 


miueleii 


Class  Nkhatooa.     Thrmdwonns,  Hairworms,  &c. 

The  Ximatiilet  ,»rt  HnugmtHttd,  mort  iw  /f«  lArtaJlikf 
"  HHtnni,"  tomt  of  trkit/i  arr/rtt  living  and  if/Atrs  ^raiUit. 
The  iWi'  is  em<trt4  tv  a  tutiftt,  trfirn  ihiek.     CiUalrJ  tfitht- 
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Hum  is  altagelhtr  abstHt.  Fma  a  ntrtx  ring  arouitJ  Ike 
f^kofynx  six  nrrvcs  run  faruitrdt  aiut  jix  l^eiaeardt.  Am 
a/imtnfan-  eaiiai,  eomisling  of  fort,  mid,  and  hind  gut,  is 
utuiti/r  dfveloptd.  TTttre  is  nn  vascular  nvr  rtspiralory 
tysttm,  tut  there  it  usua/fy  a  body  awity,  and  then  art  two 
fxintory  lubes  ifeuing  by  eu  nuleriar  teulrnt  fore.  The 
sexes  lire  muaiiy  separate  and  the  rrfnuluclitrt  vrgant  simple. 
The  life  history  is  often  intrieate. 

^L  I-'itrm. 

^^L  The  txxly  is  usually  cyliiidricjit  tn  cross  section  and 
^^■pVing  It  each  end.  Ttie  male  ii  usually  imaller  than 
^^Be  femile,  and  his  tail,  concerned  in  co[)iitatioi),  bean 
\     nenKory  papiil.'c,  and  usually  lomc  «;»neN  and  n  "  buna." 

■  Ho-iy  Wall. 

(a.)  Mo«t  externally  there  is  a  ohicinold,  often  wrinkled, 
cudcic,  thick  in  the  laraer  forms,  and  perhaps  of  ser- 
vice in  cnaNinj;  tlit:  aninuus  to  reust  drought  and  digestive 
Jtiice*.  Wiih  iis  presence  may  be  SKtociated  the  almost 
entire  abscnci;  (if  cutaneous  gUnds,  and  the  entice  ubxence 
of  cilia.  (^)  Beneath  this  is  the  sulxuticiib  or  bypudermiK, 
usually  thtckcncd  in  four  longitudinal  lines— median  dorsal, 
ventral,  and  lateral,  (c.)  Beneath  the  hypodcrmis  is  a 
layer  of  longitudinal  muscles,  which  sometimes  lie  in  groups 
y  the  abo%-e  mentioned  lines.  Many  of  the 
lemaiodes  are  very  agile 

Nervous  System. 

Around  the  phatyni  there  is  a  nerve  ring  from  which 

nerves  run  forwards  and  six  luckwards.     One  of  the 

Iter    runs   aton^    the    median    dorsal    line— a    unique 

kition    in   .in    I  nveriebrate.       Here    and    there    on    the 

|Sng  and  on  the  iK-rves  there  are  ganglionic  cells,  but  any 

_  itiun  of  these  into  ganglia  is  rare-     Some  of  the  free 

|riTng  forms  have  eye  spots ;  and  probably  nil  Nematode* 

ivc  sensory  pdpillsc  on  rarious  parts  of  ihc  body. 

Alimentary  System. 

The    mouth  is  terminal   or  almost    icnninal ;    ihc  anus 
is  ventral  and  poslerior,  and  occasionally   terminal.     As 
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the  food  conxiscs  chiefly  of  juices  either  from  a  living  host 

OT  from  putrefying  orgnnic  matter,  it  is  not  surpriting  to 

find  ihst  the  alimentary  canal  has  usually  hut  a   narrow 

cavily.      In  some  forms,  e.g.,  Sffiam/arin 

from   the  bee,  it  degenerates  3ltot;ethcr. 

Normally  it  consists  of  three  |uiTts,  a  fore 

gut  or  (vsophagus,  lined  hy  the  inturned 

cuticle,  a  mid  gut  or  nie»enlcron  of  cndo- 

dermic  origin,  and  a  usually  short  hind  gut 

or  rectum,  lined   by  the  cuticle.     When 

the  external  cuticle  is  shed,  so  is  that  of  the 

fore  gut  and  hind  gut  (cf.  Crayfish). 

Hody  Cavity. 

A  coelome  is  dcvclo|K-d  and  contains 
a  clear  fluid,  which  piobably  discharges 
some  of  the  functions  of  the  alisent  blond. 
There  are  no  nmiehotd  i>hagoc}-tC5. 

Exerttffry  Syjtem. 

Imlwdded  in  each  lateral  line  there  is  a, 
long  tube  cwntnining  clear  fluid,  probably 
drained  from  the  surrounding  tissues.  The 
two  longitudinal  tubes  unite  anteriorly, 
and  open  in  a  ventral  excretory  [wre  near 
the  head. 

JiefnttHdive  Syt/tm. 

The  sexes  arc  separate,  except  in  Angi»' 
itomum  which  is  hermaphrodite  and  self- 
fertilising.  In  the  inal^  the  testis  is 
usually  unjtnired, — a  coiled  tul)c  gradually 
differentiating  into  vas  dcrerens,  seminal 
vesicles,  and  cjaculatory  duct.  The  genital 
aperture  is  close  to  the  anus,  and  beside  tt 
there  are  sensory  |iapi1I.T,  and  often  spicules, 
and  peculiar  mentbranous  folds  of  varied 
form  wtiich  constitute  what  in  called  the 
copulatory"biina."  The .siii:inuitoj:oia  have 
not  the  typical  form,  antl  are  sluggish. 


I-Ki.  59.— lUiu- 
Iratfng  I  he  ttruc- 
luicufaNclilBloilo 
[OijKni).  (Afli-r 
Galrb.) 

M.,  Mouth  ;  c,  Oh 
ikulat  tine  1 «.,  <EW 

imainc  icMh  i  /.,  Id- 
luiinc;  r.,  imLi 
<■.*,  -na  dcfsrtnt ;  $f. 

In  tlic  female. 


the  ovary  is  a  single  or  paired  tube  which  passes  grad- 
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uslly  into  an  oviduct,  a  uterus,  and  a  xhon  %-i^ns. 
The  ^enitnl  npcrturc  is  venirat,  iisunlly  about  the  middle 
of  the  budy,  but  it  is  occa&ionall)'  far  fonrnid  or  far 
biek. 

DnthpmtHt 

llie  OVA  inect  th«  Kpermalo^oa  at  the  junction  of  uterus 
and  oviduct.  ScgnK-niation  is  (oial  and  may  take  place 
before  or  after  bying.  Indeed  the  cmbyro  may  be  hatched 
within  the  Uterus.  Before  the  embryo  exhibits  adult  char- 
acteristics, several,  tf^.,  tliree,  mouliingi  of  the  cuticle  usually 
occur. 

LifE  Histories, 

Tlw  nnbijo  grmn  ilitcttly  ialo  ihc  adult,  and  bolh  live  in  £toh 
C«  wh  wnlcr.  damp  taith,  knd  rolling  pInnu-'Enoplidic,  i.g., 

L  The  UfTw  an:  Inx  in  the  cnith.  the  iiexua]  adulls  ate  ponuilic  in 
pla&ti.  ot  in  Vcittbnilc  animalfc  Aj.,  TfU-tim  UMdm.  A  com- 
moa  pinutle  00  fricslh :  Sliitiigflas  and  Dathmim  in  man. 

5,  The  Miual  adull*  *rr  frtu.  i1k  latra  «m  paioxilic  in  liMrctt,  ^.s■^ 
.Virmii.  Thr  feilitifod  rewaJn  of  Sft-rrtitaria  /ivhM  pcut  froni 
ilw  nrlh  into  ifac  body  cavity  of  bumb1i--l)«c  anij  waip,  wbcnce 
tbdt  lame  lure  into  ihc  intdlinc  anil  cvcniually  cmcfKe. 

4.  The  lamr  arc  )xuiuil>c  in  one  Aiilmal.  ihc  M'^nal  ululta  In  anolhrr 
■liidi  fccih  on  (be  Hn*.  That.  OHularms  panm  from  moiue  to 
cat.  Cufntitiuii  from  Cjffltfa  to  [■rrch. 

Tbcn  are  otbo  lifc  lii>toHci,  aciU  nuJiy  <la|>rcM  of  para^iiMii.    Tlic 

raiMibil4«  fotm  it   Ai^itttffiHum  <or   Atfrii,   or    Uflsibra\ 

*in.     In  danqi  caith  matn  and  fi-inalff  occur,  Ihc  i>t'it;FiiT  of 

31  into  thr  lunof  firogi  anil  louli.    Then;  tliry  mnliirc  into 

.joHak  snimab  (the  only  cum  pic  aniang  Ncmaloda),  which 

iSnl  ipcnBatotoa  and  ihen  ova.    They  arc  Klf-impiegrMting. 

'inrf  tin  youBg  pua  out  liilo  Uic  carlh  xt  n»il(i>  at  feinaJo.     ITcrc  there 

u  tliirtnatiaa  M  gcncraiiiict,  and  a  Kinicwhnl  liiiiiltr  ttnnr  might  be 

luld   oi  XAaUinfma   ilrvnty/Mt^   trom    itiv   inlnlinc   of  ni«n    niul 

l^fUAiu  ^ftnJkMitiiti  from  the  moil. 

tImtt  arc  seretnl  ijuainl  ic]utKluclivc  sbnonnatilieii.  thui — the  femal* 
ijjM^/wJtwia  hftti,  which  geu  Into  Ihc  boJy  caiity  of  ihe  humble- 
>M  ha*  a  prol«ptcd  utctm,  kuKvr  llian  iKcIf ;  Ihc  male  ot  TireifJei 
tnutitattda  ptunca  iaiu  the  utenu  o(  Iha  fcnmlc. 
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Pttratitit  im  .Sfan. 


VlME.          1        PownoH. 

Bnro**. 

Rmn.T«v 
Hnat. 

fMoIccowMX 

SonU  lnHMbw. 

PMteM*     aour 
Aatedr  wtamc. 
iImk    silb   ««»■ 

vMw.    /mMt  ft- 

nimataOMW 

nUrU  (c^mtinnti 

Fms  OMMck  w 

CM. 

Fiwa     food     ar 

«M<r. 

Kaialy  bom  ihao 

(^cuadalK. 

l»  live  fradj  In  the 

•Hik. 

v> 

Rkmtdnnma 

Sb>*»  iMcalnc 
AiiociueJ    wiih 

DoiwaOB       M> 

/Vtorh     "T£-'—        MaWR  fdnilc  In 
AfliuUf  (Aaunlia.    IjiapbMic    gl—Ji. 
CUtia.lR^Bcyr'.    «ibnr«>  In  Hoed, 
ud  Urull). 

Lvwita  Uai- 
«afti>. 

Md  bBBMOlk. 

(Gnln«nnm>       In 

fed   Unitf'   ^"^l" 
bcftuth  ikik    Tbc 
ml*  U  fi«  koMrni 
ilwuHb   hii   uil   to 
uiJ  Id  hwc  bcHI 

HCDp 

Laivc  in  •  C> 

BUa  •!>«««. 

Tnf  4m4  ^^V*A>- 

nuluR  a  dw  JnM^ 
lint:  oabMs.  (w 
diK«d  DpMljr  «nd 
nviiKnuljr.    Ion 
ih*lr        tiif        u 
fgindei,    knd    Iw- 
come  <ncyBl«d. 

loiun. 

IllflllWrajl  IWI 
De>K>.   (Aoi   fatal 
an    brtuthl    about 

Itm    (AMHin*    ta 

TM-iiJM.— The  ftmnlilaUc  Trichina  dnerm  Aillcc  notice  It  it  bcU 
knawn  m  a  panulte  in  man,  pig.  kdiI  lat,  but  oocvn  alM  in  heilgcho^, 
fM,  matteni  dott  wl.  nbbil.  i»,  aod  faone.  The  >cxu>l  form*  Utc  in 
tbe  inieuine,  llie  Icnulc  nboul  3  niillim«tm  in  length,  ihe  nule  about 
half  u  tonf.  After  inipiqpintian.  the  femnlc  liiinKi  Ibnh  numeroiu 
enibtyw  viviuiouil)'.  IW>  to  80  nt  a  llmc.  ami  aUo)[ethet  nliottl  igOA 
ThtM  bore  thKiiigh  the  w*ll  of  tlic  tnlctliiic  inin  Ihc  \ixly  oiviiy  ot 
Mood  vmmIi,  and  work  their  wa^.  apccuilly  ihiui^|-h  cnmui'iivr  tiiae, 
to  Ihe  muKle  libre».  Thac  (hey  ^fow.  coil  ihciii>>i.-hT>  ^|Iiralt]r.  and 
(wcome  encpted  within  a  thtalh,  at  Am  mcmbinnciiu  and  ajlemaidi 
ealoaicou*.  In  tbcM  eya%,  iihich  may  Iw  Mmclimei  connted  in  minions. 
1  Ibe  young  TrichinKtenii^npaMilvciintn*  Ihe  flah  of  their  hott  be  eaten 


ACANTUOCEPHALA. 


i«5 


Ym  uotbet.  pie  cMiDg  inl,  niui  caiiiig  nlj>.  In  the  aJimenUry  c«ml  of 
Ike  ocw  hou  Uic  canwle  U  diwolwij.  the  embiyM  siv  *et  Itm,  and  b«- 
004DC  fiddly  rcpodwciin;. 

ABODclhc  tmmnniM  other  pinuitic  Ncnulodei  the  following  may  bt 
notpd :— The guu>4  palindc  'tK3tm\_Eitttr^tgvhltgigH\ ocean,  in  tlic  renni 
itgioci  of  doincatic  antmab;  jcc.  ■  the  fanuc  ma^  Ik  3  feet  Ions-  The 
ftnneil  |ialii»dc  worni  {Sirvngyitu  armatuA  oocuik  in  the  inlMllnc  and 
tnieniiul  aitcria  o(  horw,  caiuini;  ineudiuni,  colic.  &C.  The  youD); 
fanttt  Mc  Hrallowcd  Trom  «iaKnan(  witei,  bore  hum  j^t  into  uricriei, 
become  aduti,  leturn  to  gul,  copulnte  and  mutltply.  Varioux  olhor 
•pedcM  of  SlrmgylHi  occur  ia  sierp.  cattle.  .Vc.  The  large  Aifaris 
migalrftftata  anu  the  much  nmalter  Uryarii  ciiniti!a  mr  not  nncDrntnon 
in  honei.  Syrmfamai  Iraiktalis  occun  in  the  trRr)m  of  hiids,  ciuiiiiff 
"ppei''  Vuioiu  ffiocict  of  Tytemkui,  cipcciallv  7".  •invjtafri.t  and 
7\  lomJetu  (or  T.  Iriiui).  dcMtoy  cereal  anil  nihci  cropi.  Vaiioiu 
^lodta  of //(ttr«dfrd  (etpcdaUy //•  )>'A«''(''f  M)il //.  narfA^foAi}  Infeiit  the 
nol*  of  many  cultivated  [ilant* — /^.,  turnip,  radish,  cabbage. 

At  ptocM  the  NematiKlcs  arc  luiialty  cUMiirml  in  funStici — AxcnridiCi 
Anguilhilldx,  &&  With  thne  wc  ncnl  not  cnnccrn  ourwivcs  hcic,  tnil 
II  it  h>portanl  10  iMiioe  that  the  Ouniiidz.  {t^.,  Geniiui  infH<itittti—\i\z 
bone  luit  worm)  ate  <«ty  dtKtmt  from  all  ihe  oihcn.  In  ihc  adult  the 
mtialh  is  ifaul  wad  the  food  euial  fai  fttrlly  degenerate.  The  adulti  lave 
freely  in  bah  water ;  ihete  arc  t«o  larval  UnttA,  the  hist  in  aquatic 
molIuKx,  yiMnf  ioMctx,  Ac.,  the  tcroiid  in  vluli  iturcM,  fnh,  (rnj,  fie. 

Class  ACANTHOtBPHAU. 

Fat  a  (ingle  eemu  Et/iiarrlijfUi*ui,  whcoc  krva-  lire  in  Arihropodli 
aad  Ihc  adolu  in  Veilcfarate^  a  tpecial  daw,  AcAxnioctll'HAi.A,  lua 
been  eUahllklicil.  We  may  proi'lbiocuilly  place  Ihii  gcnut,  which  has 
aboat  ■  bunijrni  ifi«le>,  ttc^i'lr  Nemalixli:*,  Inil  ihr  relnliunihip  docs 
ncA  *ertn  10  1*  rerjr  dnw.  Mniilli  nrwl  gut  are  ii1im;ii(.  The  anterior 
cad  tican  a  iWMnmblr  binilal  prolnncii. 

&J/niw4/iwi<il/'*V>'H>f  PtVc.Wi-aintlic  AmpKipod  C^maiani/  fiuiir, 
„  anguilalui  of  J'cich,  l-irvn  in  the  Isopod  AnHui  */n.»- 

IttMI. 

••  S'lf"  "^  ''■!£•  I^nu  In  young  Cnckchafett. 


CHAPTER    XI. 


SKUMKNTEEl    WORMS    OR    ANNELIDA. 


Chitfdastts — CiiAittTODA,  DiNCoriiORA. 

Tick  Annelida  do  not  form  a  well  dcRnvd  phylum,  but  in 
clud«  segmented  worms,  in  which  the  segmentation  of  the 
body  is  usuall}-  visible  extcnutlly.  There  is  usually  a  well 
developed  body  cavttf,  which  coniinuiiicaleii  with  tlie  exterior 
by  paired  n^hridia  or  sc^mentiO  organs.  The  nervous 
system  consists  typically  of  dorsal  cerebral  ganglia,  a  com- 
mitstiral  ring  round  the  gullet,  and  a  ventral  gan^tonatcd 
chain.  Not  infrequently  the  nephridia  function  also  as  genital 
ducts.  Tlie  devebpoient  is  cither  indirect,  when  it  includes  a 
larval  IVochosphere  stage,  or  direct. 

In  iiabit.  form,  and  strudure  the  Annelidfl  exhibit  much 
diversity  <>f  type.  The  Ch%tO]>ud.i,  represented  on  the  one 
hand  by  the  familiar  «irlhworm,  and  on  the  Other  by  the 
iiiiirinc  worms,  best  exhibit  the  structure  upon  which  the 
Annelid  type  is  founded.  It  seems,  however,  that  with 
tlicse  we  may  also  include  the  aberrant  Echiuiidtc — t^., 
E(hiunti  and  B<mtllia.  A  few  forms  of  primitive  type 
(the  .'\ichi-.\nnelida),  and  the  Myirostotuata,  whicli  are 
degeni.'rate  parasites  found  on  Crintnds,  may  also  1>e 
appended  to  the  doss  Chtvtopoda.  The  di\-ei^nt 
leeches  (Discophora)  arc  probably  .Annelids  which  have  be- 
come modified  in  conse(}uencc  of  a  peculiar  habit.  I-lnally. 
some  zoologists  provisionally  include  Sitgilta  (Chxtognatha) 
in  this  series  as  an  .\nndid  with  three  segments,  and  also 
the  Rotifers  (Rotatoria),  since  their  adult  form  somewhat 
resembles  the  Trochoa.phere  \an-x  of  many  Annelids. 

According  to  I'ing,  the  Ch.'eto])ods  are  derived  from  a 
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Iccch-like  type,  this  from  a  Polycbde  Turltellarian,  and  this 
fTCim  a  iricnophore.  According  to  Sedgwick,  the  Annelida 
are  derived  from  an  Actino/.oon-lihe  ancestor.  But  wc 
cantMt  here  disi-dvi  these  po««il>iht)C«,  nor  the  dii^ciill 
qaestions  concerned  with  the  meaning  of  segmentation  or 
meumcnsin. 

Cbss  CH.«ioPOt>A.     Worms  with  Biistks. 

SfgrnfufeJ  aniirni/i  a-itk  seta  Hevtloptd  in  little  tkiit  sats, 
eithtr  im  a  uniform  l^y  wall  or  on  sfftdal  l^omi>lor  pro- 
trvaffms  knawH  as  farapodia.  Tht  segmenta,  inditattd 
fxttmully  by  rings,  ore  vfttn  marked  internally  (y  parti- 
tians  runnimx  luniss  the  t-ody  (•ivily,  tvAieA  tt  usually  well 
deDeloped.  The  nervous  system  generally  insists  n/  a  dmhie 
venlfit/  e/ntsH  0/  ganglia,  eonneded  with  a  fair  0/ dorsal  or 
ttrthral  etntrts,  fy  means  of  a  ring  round  the  ^ginning  of  the 
gul.  Tuto  excretory  tnbet  or  mphridia  ore  typieally  present  in 
teiih  segsiunt,  and  they  or  their  mndifteations  may  alsofumtion 
as  repmduftive  duets.  The  reproduelive  elements  are  formed 
on  the  lining  membrane  of  the  ^ody  eavily,  and  the  developmtnt 
is  either  direct  or  with  a  mttatnerphosis. 

The  two  prominent  divisions  of  this  class  may  be  con- 
trasted as  follows  :— 

Di  I  ikjiBHil  4ma.  |  A  nveiiuiiiin>'>»-'>  "•  >Iii<Iu)hijbil 

LMh(  )■  IkHh  mar  m  In  ik*  Mil.  hlaHi». 

Tv^F,  oi-  Omoocii.kta.    The  Earthworm  {iMmMms). 

borthwornis  eai  their  way  through  the  ground,  and  form 
clctiiiile  hurruwit,  which  they  often  make  more  comfortable 
by  a  lining  of  Inres.  1'hc  cartli  swallowed  by  the  bur- 
nwcrs  is  reduced  to  powder  in  the  gut,  and,  robbed  of 
■omc  of  its  decaying  vegetable  matter,  is  dischatgcd  on  the 
Muface  as  the  familiar  "  worm  castings."  By  the  burrowing 
the  eanh  is  loosened,  and  ways  are  opened  for  pljint  roots 
And  rain  drops ;  the  internal  bruising  reduces  mineral  matter 
to  more  wtdul  form  ;  white,  in  burying  the  surface  with  earth 
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bfoogbt  Dp  from  beneath,  the  nnhwonns  hive  been 
ploo^ien  before  the  plough.  Dwin  cikuUted  that 
there  wete  on  an  avetage  over  53.000  canhwoRns  Jn  an 
acre  of  aiaUc  ground,  thai  ten  toot  of  toil  per  acre  pass 
umualt)'  through  their  bodies,  Jind  thai  they  cover  the 
surface  with  earth  at  the  rate  of  three  inches  in  fifteen  yews. 
He  was  therefore  fed  to  Uw  coochision  thai  earthworms 
have  been  the  great  soil  makers,  or  more  precisely,  that  the 
fonnatioo  of  vegetable  mould  wax  nuinly  to  be  placed  to 
their  credit.  According  to  Gillicn  White  (1777),  "the 
earth  without  worms  would  soon  become  cold,  hard  bound, 
void  of  fermentation,  and  consequently  sterile;"  while 
Darwin  (tSSi)  u><]  tlial  "it  may  be  doubted  whether  there 
arc  many  other  animaU  which  have  pb)'ed  so  important  a 
part  in  the  history  of  the  world  as  have  thcM  lowly  oganlscd 
oeMurcs." 

Thot^h  without  eyes,  earthworms  arc  i«n^iive  10  light 
and  pcrasicntly  avoid  it,  remaining  tuMlerground  during  the 
dav  unless  rain  floods  their  burrows,  and  rcscrting  their 
public  life  for  the  night.  Then,  prompted  by  "  love  "  and 
hunger,  they  roam  about  on  the  iuriace.  lotviog  on  the 
moist  roadway  the  tiaibi  which  we  see  in  the  moniing. 
More  cautionsty,  however,  they  often  remain  with  their  Utls 
fnced  in  their  holes,  while  with  the  rest  of  their  body  they 
tnove slowly  roundand round  Tlie  nociumal  peregrinations, 
the  tsboar  of  eating  ai>d  burrowing,  the  tran^Kirt  of  leaves 
to  their  bnlea,  the  coUeoioa  of  liole  stones  (o  pnslect  the 
entianre  to  ilic  burrows,  inchide  most  of  tbe  activities  of 
eanhworms,  except  as  regards  pairing  and  egg  laying,  of 
wbkh  somethinK  will  afterwards  lie  uid.  ^^'hen  an  earth- 
worm i)  halved  with  the  »padc  it  docs  r>ot  tteceiearilj'  die, 
(or  the  bead  (wrtion  may  grow  a  new  ail,  whik  a  decapctated 
wofm  has  even  been  known  to  grow  a  new  head  and  brain. 
The  earthworm  ia  much  persecuted  by  numerous  enemies, 
r^.,  centipedes,  moles,  and  liirds.  The  male  reproductive 
organs  arc  always  infoted  by  unicdiutar  parasites  — 
Greprinn  of  the  genua  Moimcytth.  atw]  liitlc  threadwonm 
I  abtUMt  alwtyn  to  occur  in  (he  excretory  tubes. 

Amw  Mid  Esttrmii  CiarMtrn. 

Thr  Mnhawna  b  itltrm  slmal  d*  indm  bxiK-  *'*''  ■■»'*■(«)  bcMd 
',  awl  •  (jrllfHlilnil  IkmI;  rutin  lUntnnl  pnicriotl)'.   nt  meeemrr 


srxt/crt/fin  of  the  karthwohm. 
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•ten  Mn  on  (be  wKmh  mark  Inic  »gn«Dls.  The  mmiUi  U  uret. 
■KJIccl  bf  the  mint  anitrior  {jirc-oral)  wmtDi,  while  the  food  tanul 
lenNiaaleB  at  the  blunt  pntcnot  cod.  Tne  >kin  i*  oovcrcd  bjr  n  thin 
uampMcM  cuticle,  iranned  by  two  telii  of  fine  lina  which  lircak  up 
theliGhl  and  p«aduee  a  iHf>hc  Irtiitescenee.  Onarq^neiicn<liii|;fiMni 
the  3I«(  to  ine  3Sth  ifaiCi  Ihe  tlctn  of  mature  worntH  ii  twnllcn  nnd 
rlaiHrtWi  fonniaf;  (be  eni*UDm  or  m'IiUv,  which  hrlm  Ihu  wormi  m 
my  Diitl«  ia  pain,  awl  wrhapi  runiu  the  ilimjr  slufl  which  hottleni 
into  coeooDo.  The  middle  line  of  the  bick  is  mirkcil  If  a  special  rol- 
•ICM  of  the  ^in.  On  ihe  lidei  and  veniml  lurface,  «e  feci  iinl  lee  foiii 
tow*  of  tiny  btiMtcs  m  Kt«,  which  piojcei  itom  Ititic  wo,  aie  walked 
br  nmdet,  anil  aunt  in  locamMkm.  These  briNlo  aie  liied  like  plni 
iMo  tbe  ^tomA,  ai  limea  »u  fitmljr  that  oven  >  blid  lindii  ft  difliculi  to 
pull  ihe  wotm  fium  ill  tMle.     A»  each  of  the  ia\a  longitudtnAl  lowi  i* 


r 


Pia.  te.— AelMinr  leipon  uf  tjirihttonn.    (AAer  Hkrino.) 
Mm*  the  f^Kl  ■ctc(i>oit  HLCb  KKiiient, 

hbuib;  £W,  (qMoint*  1/ oridtteit  en  Mtm«ni  i«;  r.i^,.  ap>niri|i 
•t  «■■  MfiwiiU  wi  'Wtmtni  ij. 


doul4c,  thne  arc  obriouily  djcht  btialle*  to  each  rin^  On  the  skin  of 
the  vtMnJ  MtAuc,  there  are  not  a  tew  ipccial  apenure*.  ohlch  should 
1>e  lonked  for  on  a  full  |[Town  norm,  but  carchil  aanilnatlon  of  tevctal 
tperlBicn*  li  uiualljr  necoMuy.  Almnn  alvayii  plain  on  llie  tjlli  ling 
an  ibc  two  twollfB  lipt  iif  the  mole  <liirt>.  Im  dikiinct  on  the  I4lh  »ra 
the  B|wituic*  of  ilie  oviduet*  IhiouKh  which  Ihc  tfgk  paM>  wliite  on 
eaeh  title,  Iwta'ecD  MKnient*  9  anil  10,  to  and  11,  arc  thr  opeiunp 
of  toil  recTptacula  Msiini*  o*  tpennntliccje  into  which  male  elemeou 
(ran  anolha  eulhwonn  pas.  ud  froTii  which  ihry  ngua  p»H  oat  lo 
fntRUe  Ibe  eQp  *>'  <be  caithwonn  when  ilicie  nre  laid.  EKh  Mffmail 
tMOhdna  >  pair  of  eicidoiy  tutie^  which  ha^v  minute  ventral -lateral 
»p«nun«,  wMJo  (W  tbe  muldle  line  of  the  tmck.  bciwcen  cveiy  two 
••l}tCMil  riiip,  (here  are  miimle  potes,  thioiigh  nhich  fluid  from  the 
bodr  aviir  (nay  node. 
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Skin  and  Brinies. 

OutennoU  lies  the  ddn  cutide,  on  which  iiiicrsecitng  lines 
produce  imeifcTCiice  of  liglit  itnd  imde^cencc.  Like  any 
oilier  cuticle,  it  is  produced  by  the  cells  which  lit-  henealh, 
and  it  is  perforated  by  the  apertures  previously  mentioned. 
The  epidermis  clothing  the  worm  is  a  single  biycr  of  cells, 
of  which  most  Are  simply  supporting  or  covering  cltimcnts, 
while  many  are  slightly  itiodificd,  as  glandular  or  mucous 
cells,  and  OS  nervous  cellk.  As  the  latter  are  connected  with 
nffierent  fibres  which  enter  the  ner^-e  cord,  the  skin  is 
diETuscty  sensitive.  In  a  few  species  the  skin  is  slightly 
phosphorescent.  'Die  bitslles,  which  are  longest  on  the 
geniial  segments,  arc  much  curved,  and  lie  in  small  sac$ 
of  tile  skin,  in  which  ilicy  can  be  rcpbcud  after  breakage 

Muscular  Srs/fm. 
The  earihwonn  moves  by  ihc  contraction  of  muscle 
cells,  which  are  arranged  in  hoops  underneath  (he  skin, 
iitid  in  longitudinal  bands  more  internally,  'llic  special 
muscles  sbout  (he  mouth  and  pharynx  have  considerable 
powers  of  grfisping,  white  less  otnious  musculur  cleiucnts 
occur  in  the  wall  of  the  gut,  in  the  partitions  which  run 
iniernally  between  the  segments,  and  on  the  outermost 
portions  of  the  excretory  tubes. 

r/tf  Body  Cavi/y. 

Unlike  the  leech,  the  earthwunn  has  a  very  distinct  tmdy 
cavity,  through  the  middle  of  which  the  gut  extends,  and 
across  which  run  the  partitions  or  septa  incompletely 
separating  successive  segments.  In  this  cavity  there  is  some 
Huid  with  cellular  elements,  of  which  the  most  numerous  are 
yellow  cells  detached  from  the  walls  of  the  gut.  Possible 
comniunicaiions  with  the  evierior  are  by  tlic  dorsal  poics, 
and  also  by  the  excretory  tubes  which  open  internally  into 
the  cavities  of  the  segments. 

TAt  Nerwui  Syskm. 
Along  ihe  middle  \-entral   line  lies  a  chain  at  nerve 
centres  or  ganglia,  really  double  from  first  to  last.  l>ut 
compactly  united  into  what  to  unaided  eyes  seems  a  sii^lc 
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cord.  As  the  segments  arc  very  short,  the  limits  of  the 
successi>-c  pairs  of  ganglia  ar<:  not  vlt)-  evident,  especially 
in  the  anterior  region,  but  ihcy  arc  plain  tnough  on  a  small 
|)ortion  of  the  cord  eiuunined  with  the  ititcroscopc,  when  it 
may  alio  be  seen  that  each  of  the  pairs  of  ganglia  gives  off 
nen-es  to  the  walls  of  the  body.  Anteriorly,  just  behind 
the  mouth,  the  halves  of  the  cord  diverge  and  ascend, 
forming  a  ring  nrotind  the  pharyttx.  They  unite  above 
in  two  dorsal  or  cci>cbnit  ganglia.  These  form  the  earth- 
wonn's  "  brain,"  and  give  off  ncr^-cs  to  the  adjacent  pre-oral 
segment  or  prostomium,  on  wtiich  are  numerous  sensitive 
cells.  These,  coming  in  contact  with  many  things,  doubtless 
receive  impresstont,  which  arc  transniiited  by  the  dissociated 
nerves  to  the  "brain."  As  Mr.  Darwin  obscncd  that 
earthworms  sd;;cd  hold  of  leaves  in  the  most  expeditious 
fashion,  taking  the  sharp  twin  leaves  of  the  Scotch  fir  by  Ihcir 
united  base,  wc  may  credit  the  earthworms  with  sonic  power 
of  profitinjt  by  experience ;  moreover,  as  they  deal  deftly 
with  leavt--«  of  whicti  they  have  no  previous  experien<:e,  we 
may  even  ch.tritably  grant  them  a  modicum  of  intelligence. 
From  the  nerve  collar  uniting  the  dorsal  ganglia  with  the 
first  pair  on  the  ventral  cord,  nerves  are  given  off  to  the 
pharynx  or  gut,  forming  what  is  called  a  "visceral  sj-steni." 
The  earthworm  has  no  special  sense  organs,  but  we  have  just 
mentioned  sensitive  cells,  which  arc  ]»rt!cubrly  abundant 
on  the  head  end  of  the  worm.  By  them  the  animal  is  matle 
aware  of  the  differcnoes  between  light  and  darlcnesis  and  of 
the  approaching  tread  of  human  feel,  not  to  speak  of  the 
hostile  advances  of  a  hungry*  blackbird.  The  sense  of  smell 
is  also  developed.  The  afferent  or  sensory  nerve  fibres  from 
the  nervous  cells  of  the  skin  enter  the  nerve  cord  and 
bifurcate  into  longitudinal  branches,  which  end  freely  in  the 
nearest  ganglia.  In  this  the  earthworm's  nervoii-t  system 
sugftesis  that  of  Vertebrates. 

Two  hcH  in  reprd  to  miaule  stnicture  dctcn-c  aiicniion.  The 
nerve  oelli,  liulcad  of  bring  confined  to  nMcial  ccnttet  or  cangti*.  u 
tbcy  are  in  Arihropod*.  occut  diflTuicly  .■uong  with  the  ncivc  litim 
Ibraui^wul  thr  cuunr  of  lh«  <iud.  ^iif;  ibr  darul  tnifkM  of  iho 
vtntnl  nerve  Ooi<i  thnc  mn  time  pecvliof  tiitniUi  Glues  with  firm 
wan*  Mid  cleu  conltnls.  Thcvi  "Kuuit  lifcie*,'*  which  do  nut  mm  to 
be  nefToot,  bat  ate  niho'  iuppoi(>n(-  dementi,  hnre  been  dignifie>J  by 
tile  name  of  neurtKhonl. 
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Alintentary  ivtUm. 

Eaithwonnx  eat  the  loil  for  the  sake  of  tbc  plani 
debris  which  rt  taay  cx>ntain,  and  abo,  dMleed,  because 
they  must  srallow  as  they  turncl.  In  ming  they  are 
greatly  helped  by  the  muscular  nature  of  the  phon-niL, 
wheoce  the  wA  passes  down  the  gullet  or  osophagus,  fint 
into  a  swollen  crop,  then  into  a  strong  walled  grindii^ 
giuard,  and  finally  tliraucl)  a  long  digestive  and  absorptive 
stomach  intntine.  On  ibe  gullet  are  three  pairs  of  oeso- 
phageal  ot  calcir«Tous  gbnd«— the  producia  of  which  are 
limy  and  able  to  aflect  the  food  chemically.  pnilKilily 
counteracting  the  acidity  of  the  dccayittg  vegculiic  nialter. 
Tbc  long  intestine  has  its  internal  surface  incienscd  by  a 
dorsal  fold,  which  projects  inwards  along  the  whole  li-ngth. 
In  thtx  "  typliloaote,"  and  over  the  outer  surface  of  tbc  gut, 
the  yellow  cells  are  crowded.  There  is  no  warrant  for 
calling  these  hq»tic  or  digestive.  Structurally  they  are 
pigmented  cells  of  the  peritoneal  epithelium,  whidi  here,  as 
in  most  other  animals,  lines  the  body  cavity  and  the  outsid« 
of  the  gut.  As  to  their  function  we  luiow  that  tbcy  absorb 
paitides  from  the  intestine,  and  go  free  into  the  body  cavity, 
whence,  as  they  break  up,  their  debri.i  may  inss  out  by  the 
cxcrrlory  tubes.  When  a  worm  has  been  made  to  eat 
powdered  carmine,  (he  passa^^  of  ihcsc'usclrss  particles 
from  gut  to  yellow  cells,  from  yellow  cells  to  body  cavity, 
and  thence  out  by  the  excretory  tubes,  has  been  traced. 
Various  ferments  lute  been  detected  in  the  gut,  a  diastatic 
rernieiit  turning  tbc  starchy  food  into  sugars,  and  others — 
peptic  and  tryptic — not  less  important.  The  wall  of  the 
■tomach  intestine  from  without  inwards,  a.s  may  be  (raced 
in  sections,  is  made  up  of  pigmented  peritoneum,  muKlcs, 
capillaries,  and  an  internal  ciliated  epitlH-tium.  In  the  other 
parts  of  the  gut  the  innermost  lining  is  not  ciliated,  but 
covered  with  a  cuticle. 

faseu/ar  System. 

The  fluid  of  the  blood  is  coloured  red  wiih  hKmoglobtn, 
and  contains  small  corpuscles.  Along  (he  median  dorsal 
line  of  the  gut  a  prominent  blood  vessel  extends, 
another    (supra-neural)    runs    along    the    upper    surface 
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of  the  nerve  onrd,  ttnotber  (in'^ni-ncunil}  along  the  tinder 
Gurf,3ce,  while  two  small  latcntlnviirals  pass  aloi^  each  BJde 
of  \\\\s  URIC  cord.  All  thL-sc  longi(ii<Iinal  vessels,  of  which 
the  ftrsi  tlirce  ate  most  imporL-int,  arc  pacaltcl  with  one 
another  ;  the  lint  three  meet  in  a»  anterior  ni.-iwoTk  on  the 
pharynx  ;  the  (lonal  and  tlie  su|>ni-neur>!  ue  hnked  togeilier 
in  the  region  of  the  gullet  by  lit-e  or  six  jmirs  of  contractile 
fY««eIs  or  "  hnuts."    The  prccUo  path  of  the  blood  is  not 


I  .It 
•i.e 


F)0. 6t. — Tnuuvcfte  leclian  of  Eailhwonni 
(After  CLAPAkftDR.I 

c^  CHIkfal  /..  eialniwi  c_h.,  cingUi  uwda;  t.m,,  lonCt' 
lartbul  MiaKlH ;  <-,  >  ua;  tjt.,  ealsiM  ;  y.c,  t*Um  «ll> :  r., 
intilchiki  rj-.,  tminl  Itoed  mml;  «•■-•»  <ab-D«nl  vcua) 
Muw  ocnt  ouni  \  4.r.,  dinaA  mwl. 

known,  l)ut  the  dislribulion  of  vessel*  to  Kkin,  ncphndi.i, 
and  ilimcntary  cartal  is  readily  seen. 

ktipiratioti  is  elTecied  by  the  distribution  of  blood  on  lh« 
IptMial  surface  of  the  skiii. 

13 
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A*  fc  hove  monbooBd; 
(Hi  tn  (hr  bod)  avitf,  wmI  lltme  ■•  tkc 
ricrctf^  Eiibn-      IVre  »  a  yaaa  of 
aqibridu  or  Mginental  ofsaia,  in  e 
Am  four.     Rarh  fipem  bucniilljr  into  Ac 


They 


of  llmi  riti  »'  iScT  end  opcn»  \o  the  engrioc. 

rvm'ivr  liiii<  .  frufD  thr  bodj  aviCjF,  but 

SI  nrtcT  i«j|ii(c  iinxIiKU  from  ibe  "T"'''i1 
r|ih(i<Jui  Mrur  in  manywilimh,  tanoitToaag  Vatebntts 
Bi  wdl  m  among  Invcrtehnto,  but  tbcf  arc  oever  «cen 
morr  <^learl)'  ihan  in  the  eartbwona  WKen  a  ncpbridiuin 
(■  ciirrriilly  rminvcd,  along  wjtb  a  pan  of  the  segment 
•eplum  ihrouicl)  whkh  it  iNuiei,  and  eumined  under  the 
fnicinK«iM),  tfic  fdlhfwinK  three  parti  are  to  be  sMn  :  (a)  an 
Inlenuil  rilUird  funnel,  (i^)  a  trebly  coitcd  ciluted  tube,  at 
finl  liAnt|uiri-iit  ihrn  glandutar  and  gmnuUr,  and  US  a 
miiMulnr  diiot  ojwniiift  lo  the  CKtcrior.  Minute  particles 
n«(')it  inlii  tltu  cilinlr<1  funnel  pau  down  llie  dlialcd  coiU  of 
tito  liiliu,  flnd  uui  bv  the  muNcular  pan  whkh  opens  just 
oiiitiile  (>r  the  vunimi  twiuleK.  llie  coiled  tube  consists  in 
|Min  ut  leant  of  n  wriet  of  iiilraccllular  caviiiex,  that  »  to 
miy,  ft  tun*  llirou);h  llie  middle  of  the  cells  whidi  coanposc 
l( ;  (ti<-  oilernat  muKtilar  portion  arises  from  an  invagiru- 
liun  of  itkin. 

Jtrfirwlitetht  Sytlem 

'I'ho  authwortn  is  hcnnaphrodite,  atid  iu  reproductive 
utxnn*  arc  lomewhat  difficult  to  demonstrate  with  com- 
p1v(eiie«s.  'I'o  nee  them  it  will  be  necessary  to  dissect 
tvvctut  eanliwoTmx  with  special  nlteuiion  to  individual  pans. 

(<i)  Tht  Malt  Orfiint  consi:«t  of  two  poire  of  leites,  three 
[Wim  iif  Kemirul  vi-nIcIi-s,  and  a  p.iired  vas  deferens. 

(0  'I'he  (e*1es  lie  neitr  the  nerve  cord  on  the  septa 
between  acftrnt-nis  lo  and  1 1  ;  each  is  "  a  white  translucent 
budv  of  IrKftulur  (luadranyiilar  form,  rarely  more  than  oaK- 
Icnih  of  an  inch  in  didmcler."    (l-ii;.  fu,  7".) 

<j)  Mullnt  xpam  I'vlls,  which  give  rise  t>y  divtnon  to 

iiouni;   hpcTiuflliMux*.   iM»i  from   the  testes  lo  the  much 
olKtl  M'iniiinl  seMvlcs.  where  the  spcnnatOMa  are  maturctL 
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These  vesicl«s  (Fig.  (tz,  j.p.)aievei]r  prominent,  and  seem  to 
be  outgrowths  of  the  sepLi  liclween  segments  nine  to  twelv& 
Among  (he  s])erinato«M  (here  .ne  [Kinisit'C  Gn-gnrines 
{AfoHoeyitis)  in  various  stages  of  dc^clftjunent, 

(3)  I'hc  speimntosoa  pa§s  from  the  seminal  vesicles  into 
two  nsa  dcfcrcntia  or  male  ducts.  These  open  to  (be 
eicterioT  on  the  15th  scgmcnL  Each  v»s  deferens  bears 
two  ciliated  funnek,  which  collect  speimalozoa  in  scj^ments 
10  and  1 1,  and  itoon  unite  in  one  duct 

{i)  Tif  Female  Orgttut  conkist  of  two  ovaries,  and 
two  oviducts  each  of  which  has  a  side  receptacle  for  the 

(i)  The  two  ovaries  are  small  bodies  situated  near  the 

■  T 


na.6»— Rq"'"  ..  ..ilLinlii-iirin. 

<A[U-I   IlKkiMi.) 

.V.,NCT*«Ciri:  T-.mLtilMtr^us.;  S.,i»cnXttMt:  K-S-.-naip- 
VTkUia;  rr.,  tttry;  i.r..  xinijiiiJ  rtiklm  flll.-Xy..  unnKiiu. 

DCTvc  cord  on  the  septum  lietwecil  s^pnents  iiij-  Each 
i*  pcai  stuped,  the  stalk  of  thi-  \vxs  being  a  string  of  ripe 
ova.     They  arc  more  likely  to  he  %kxt\  than  the  tettes. 

fa)  The  two  oviducts  open  inlcrnal^on  the  anterior  face 
of  tlie  septum  between  ij-i4,  and  externally  on  the 
vcDtnl  surface  of  segment  14.  Into  the  wide  cilinted  in- 
tcnal  nouiltt,  which  lie  opposite  the  ovaries,  the  ri]>o  eggs 
paia. 
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O)  The  egg  sac  or  rcccptaculum  ovonim.  near  the  internal 
mouth  of  each  oviduct,  is  a  posicnor  divcttjcu!i)m  of  the 
septum  between  segnicnis  13-14.  Within  it  a  few  mature 
o\'a  arc  stored. 

{c)  Two  paiRt  of  receplacula  seininb  or  spennathcca: 
receive  KpcrmaioKoa  from  aintther  earthwonn,  aitd  lilierate 
ihcm  to  fcnilis*  the  egg*  of  this  one.  The)-  are  whtie 
globular  sacs,  opening  in  the  groovn  between  segments  9-10 
and  to-ti.  According  to  some,  these  spermalheca;  not 
only  receive  aod  store  spcrmatoioa,  but  make  them  into 
packets  or  spennniophorv^.  Others  say  that  the  gtands  of 
the  clitelluni  make  these  packets.  At  any  rate  minute 
thread-like  packets  of  spermatozoa  are  formed,  and  a  pair 
of  ihcm  nuy  of^en  be  i«cn  ndhering  to  the  skin  of  the 
earthworm  about  the  Kiddle  region. 

When  two  worms  unite  seiiually  they  tie  anxMed  in 
opposite  directions,  the  head  of  the  one  towards  the  (ail  of 
the  other.  \\'\mh  hapiiens  is  that  spermatozoa  of  the  one 
paw  into  the  recqMacuia  of  the  other. 

When  the  Kfgt  of  an  carthirorm  are  hl^crated  they  arc 
surrounded  by  a  sheath  of  gelatinous  itulT  leiid  Ijy  some  to 
be  secreted  by  the  saddle.  As  this  is  peeled  o^  towards 
the  head  a  spermatophore  is  also  enclosed. 

Dathprntnt  of  tkt  Earlh^vmi. 

Many  cocoons  arc  nude  about  the  same  time,  and  each 
contains  numerous  ova,  and  at«>  packets  of  sperms,  so  that 
fertiliafttion  takes  place  outside  the  body.  These  cocoons 
are  buried  in  the  earth  a  few  inches  below  the  surface. 
They  measure  about  a  quarter  of  an  inch  in  lcn{;th. 

The  favourite  time  for  egg  laying  is  durir^  the  spring 
and  summer,  though  it  may  be  continued  throughout  the 
whole  year.  The  earthworm  of  the  dung  heap  (^  yir/M/ux) 
makes  this  a  habit,  induced  probably  by  the  warmth  of  its 
habitat. 

Of  the  many  ov*  of  the  earthworm  L.  ttrrettrit,  only 
one  oomcs  to  maturity,  while  of  /,  fxtUus  a  few,  and  of 
L.  tvmmuHit  two  may  do  so.  But  in  the  last  species  the 
two  embryos  are  often  twins  foiined  from  one  ovum,  separa* 
tion  taking  place  at  the  gastmla  stage. 
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'Fhc  whole  process  oX  growth,  until  leaving  the  egg,  lasta 
from  two  to  three  weeks,  the  time  var)iitg  however  with  the 
temperature. 

liiL-  ovum  is  surrounded  hy  a  vilelhnc  membrane,  utd  \% 
laden  with  )-ulk  gmiuleti.  It  seemi  that  several  polar  cells 
are  formed,  probably  by  division  of  the  two  primary  ones 
separated  from  the  ovum.  Segmentation  is  slightly  unetiual, 
and  exhibits  considetablc  vaiiaiion  even  within  the  hmils  of 
a  species. 

In  about  twenty-four  houn,  a  nearly  spherical,  one  Layered 
bUstospbere  or  blastula  is  fonned.  It  consists  of  only  about 
tbtrteen  cells.  During  the  next  tweDty-four  hours  the  cdls 
increase  in  number  rapidly,  but  the  blasiula  reniains  one 
layered.  Two  cells  lying  together  do  noi  lake  pan  in  this 
(li\'tiiton :  ihcy  arc  mther  larger  than  the  rest,  and  their 
inner  crHlii  project  into  the  cavity  and  arc  soon  cut  off. 
Gradually  these  large  cells  begin  to  sink  in,  giving  rise  to 
more  daughter  cells,  aiKl  at  last  are  quite  included  in  the 
cavity,  'i'hus  tliere  arise  two  paiallel  rows  of  cells  within 
the  blastula,  and  these  define  the  longitudinal  axis  of  the 
embryo.  This  v\  the  beginning  of  the  mesohlasl  which  will 
form  all  the  mu%cles  of  the  trunk,  and  which  thus  lakes 
origin  from  two  primary  mcsoblasls. 

After  live  to  six  pairs  of  secondary  mesoblasts  have  been 
formed,  the  blasiula  begins  to  flatten,  and  to  elongate, 
becoming  an  oval  disc  The  cells  of  (lie  tower  surface 
become  clearer,  and  the  hypoblast  is  thus  defined.  The  cells 
of  the  upper  surface  are  smaller,  and  become  very  much 
llaitened;  they  i:omi>ose  the  epibla.^t.  The  mesoblasts  lie 
Mdc  hy  side  near  one  end,  forming  two  rows  extending 
forwards  and  downwards,  but  divcrBfiil.  I^-raiwc  of  the 
flattening  of  the  blastula.  The  hypoblast  now  becomes 
concave,  and  thus  the  l»bsto[>orc  arises,  occupying  the 
wImIc  of  the  lower  sutface.  The  sides  close  in  and  the 
hUs1o|X)fc  becomes  a  slit,  which  further  closes  from  behind 
forwards  leaving  only  a  small  oi>eniiig,~the  future  mouth. 
Daring  titese  proceKies  the  cells  at  the  anterior  tip  of  the 
blastopore,  which  will  give  rise  to  the  pncoral  IoIk:,  undergo 
no  change^  but  the  mcsoblast  has  Iwcn  active. 

As  gaMnibtion  proceeds,  the  mesoblasi  rows  grow  forwards 
and  upwards  until  they  cone  rKar  each  other  al>ove  the 
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anterior  tip  of  the  bU»tO|>ore,  while  their  mtddte  portions 

are  carried  dovrnwards  until  they  lie  on  the  ventral  sur- 

Tacc.    Over  them  the  epi  blast  is 

thickened  in  Iwo  bands.      Two 

longitudinal    m»'s    of    cpibUst 

cells  near  the  anterior  end,  and 

ending    behind    in    br^   cells, 

sink    in    ju«t    as    the    primary 

mcsoblaKts  did.     The  thiclcrning 

now  c«cnds  vcntnilly  until  the 

two   hiinds    meet,    and    passing 

into   the   blastopore  forms  the 

stoma  lodxfum.       Even      l>efore 

this  the  embryo  has  begun   to 

swallow  the  albumen    in  whi<^h 

it  Roats. 

There  are  now  two  lateral 
bands  of  cells  called  the  germ 
bands,  composed  of  three  layers: 
outside  is  the  thickened  epj- 
blast,  next,  the  rows  of  cells 
which  sank  in,  and  inmost  the 
mcsoblast  rows.  The  ninoblflSt 
rows  have  met  in  the  middle 
line  by  dividing  and  widening 
out  into  a  pair  of  flattened 
pbtcs,  but  ihcy  still  end  behind 
In  the  iwo  primary  mesoblasls. 
Oclomic  cavities  develop  in  tlie 
plates,  and  the  anterior  ends 
meet  abo%-e  the  moiiih.  The 
cpibUslic  TOWS  which  sank  in 
(there  were  eight  of  tliem.  four 
on  each  side  of  ilie  median  line 
and  each  ending  in  a  large 
mother  cell)  go  on  growing, 
■i'be  mother  cells  arc  apparently 
carried  baekwardst  as  tne  em- 
bryo lengthens,  leaving  a  mil  of 
daughtit  ti-Ms  IvcJiind  ihem,  The  cctU  so  formed  also 
divide,  the  emhrjo  rapidly  lengthening  and  finally  bccomJnd 


-Stuci  Ib  ih« 
i>r  Rodhwomi. 


Fi<i.  6>- 
ilcvclopment 
(After  Wii.sos.1 

I.  i-kIM  UMP,  ^^.  polar 
hsdiM. 

•.  BUauU.  ft  a  prtnuty  •*■>- 
Mmi. 

).  GuBul*  Hi^t.  jEr.  (cMdinn 
Of  «(iibliiu :    A*,  •ndotftm   or 

(.  IdARIlUitiBIiI  •Mtio*  in  III* 
giiuuli  •!».  IT.  Kiodinn :  im. 
vulfHjfnu  i  Mt  iQinnli ;  i/.  >Ii>ciia' 
tedcwi  1  ■>.  iHlininr  uichMuii  : 
«f.  iMunbluu;  w,  mrvi  nirHt 
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vcnnifOTm.  The  two  inner  rows  (iicuroblasls)  give  rise 
W  the  nervous  systirni,  the  next  two  rows  on  vither  side 
(ne[>hri<li<}libKt?()  fi>rni  (iiirl.'t  of  the  iie]>hn(lift,  while  of  tlie 
fourth  row  nolhtf^  dclinil*;  is  Icnown.  Each  tow,  ending 
bchitid  in  a  single  ccti,  widens  out  and  deepctis  .is  it  is 
trsced  forwards,  the  neuroblasts  are  much  further  forwards 
than  the  mcsohbsts,  with  the  nephri(lio))lasts  just  behind 
them-  Tlie  neural  and  mesoblastic  rows  can  be  traced 
round  the  mouth  and  help  to  form  the  prostnniium,  the 
otben  fide  away  at  the  sides  of  the  stomatodwum.  The 
mesobta*!  row*  grow  to  meet  one  another  on  the  median 
donal  tine. 

Let  us  sum  up  this  complvx  htstor/:— 


FMilUd 
ntiHIi- 


I  RUaiMpbin 
UiuuU. 


i:ribtui 

or 
Kaadcrni 


uuruta 


(^  Tbe  HOHiilMy  uiAVr  tinl- 
ujn  cnn^ikli  of  1*4  n>04  iX 


M*>.l<1><> 


IhcfHmiliia 


iinrF  |vni  «f  nrfihrdli*. 


Ctntrtl Duvthfrntnl ^tkt  <af]{niw.— Thouith  li  will  involve  atllt-ht 
ici>-:-  -  ih«U  nos  ctocilbc  ilic  <i>!|tin  iil  ihc  iiriout  <ir),-Bi>t. 

T  TiMa  f(i«n  tlir  nri|piwl  ouin  wall  of  llie  guITuta.     The 

*'kI:„-'  .  ^■inilsi''  uilliin  which  the  ulx  tl<vclo]i.  and  frum  which 
tkt)l  ptub  ihcif  KO)'  to  Ihc  nicrior,  nritc  pBttllr  linm  the  tuwt  of  rcUt 
MaitMl  liy  the  iic|ihn<lioliliUia.  and  partly  in  all  proliahiliiy  6uin  the 
oaMmiMi  uf  ihi'  fum  neil  mwt  prcrioutly  mcntioDcd.  The  ilouhle 
nBUal  mrvt tfil MvtiUaax  (lu:  ncutoliluu.  The  \iiviitrtlmi jgaa/^kt 
(irigliMI*,  »rCOitliii|:  t'l  KleidtiiVicri;.  inii^fK-nilriilly  ijf  ihc  vrnlnl  coril 
ftnw  ■  nnllal)  iiii|mIiciI  apic-.ll  plnlc  <if  cilinlrrni.  wh^k-  Jircurilhi);  to 
WiIkw  ihey  Rriac  akini;  with  iht  vcnlinl  ciit>l,  uM  hnvr  tlitir  fnunrin- 
tion*  tn  thr  thicktncil  aiitcrioi  «nil  o/cach  oflhe  two  Dfural  mhi. 

Th«  hiilary  of  ihe  t»irtltry  lysttm  n  camplcK.  (j)  At  the  uiterioi 
tnd  <■(  V'^mG  cmlifyah  a  Rrtiap  nf  wtoiktin  cells,  ilonol  in  potiiInD, 
(Mioa  M  Uivo)  eicniocy  organ,  which  oholly  <liMp|ip.u^  in  laiet  tiign. 
{^)  Neil  apjnM  Ivd  culalcdciniUi  in  the  tnli^rinr  region.  cIomiI  Intrr^ 
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iialty, opening; on ihe  h^d.  T1>eMUcknmnu''pfoviHimalMphndia*' 
(It  "bold  kulncTv"  They  degntciBte  u  Ihc  pctBttocnl  rwreUnx 
orgM*  derclap.  \t\  The  aomenMi  pcniuuKot  ncphridU  -ire  dx  the 
moM  jEMiT  Ktadcnnlc.  irUing  6oid  the  wk%  of  ne|iticidi>l  tdli  olrouljp 
dcKTibtiL  Two  pMU  of  ««ch  sqihfidlvai.  hoacvEt.  h>\c  a  n\ao- 
Uullc  ori^a.  vii.,  tbi  ibnFrnmt  put  or  Iho  dlUlnl  hM)n<l,  ami  ihc 
petilonMl  Mvolinent  which  cnhcMhi  lb«  xhole  coeul 

Dy  the  inragiiuikin  <A  the  Uulasphcfe,  a  globnw  patniU  nvily  i* 
bnncd.  Thb  fomu  the  iKbttiitfoo.— the  liitiue  mi«ptt,—vA  rioo- 
(Kl«ft  with  the  jRontb  of  the  emUjix  T«  the  comptrtioa  of  the  cntife 
•Jinicntuy  caitu,  however.  Ino  other  ptotenei  ve  ncenr«iy.  in  in- 
liKking  of  ctlodeim  from  in  boni— ihc  il*maleJimm  on  "/«rt  gut " — 
which  pnthet  Iho  •icheciti.'ron  tackwiudh  ftoil  fomu  ihc  (uluic  pmrynit, 
and  a  iimilar  in'tueking  of  cclodcnn  from  l>ch>nil— ibc  /m/tvbvMi  or 
■  hiri.i  gHi " — which  meets  aod  fniet  «tlh  the  archcnleron,  anO  bma* 
Ibc  anui  uid  a  mull  portion  of  (he  posieriot  £M. 

The  mcwvlerni  hwii»  with  the  Am  friimanr  matMuli  •Iteadf 
deacrlbed.  Thac  muliiply  and  form  auiiUrm  iaiiA  ■Ucb,  idniuaa- 
line  iheoBcIvct  lirinccn  cciodeim  ami  oidodetm,  prcceed  lo  aatrouod 
liw  gnL  Al  ihr  kaitie  lirne,  unne  of  the  ine»M«tni  celb  beooote 
n^Bloty,  wniHlcr  on  lu  the  hml,  and  adw>  lurrouad  the  gau  twfore  ibe 
final  trank  nmsculaliue  U  oaoi|dol<d.  The  mip-t/tiy  mtiMult  of  the 
trunk  apjieiu  i»  foim  n  tpecisl  larval  miucnhuuic  pieoodouily  detvl- 
onnl.  in  outer  lu  enable  the  rm)>r]ro  to  manasc  the  moinMni*  tnau  of 
■Itiunien  (aliMuticd  from  ihc  capuK)  with  which  ill  body  it  ditlcfuJed. 
The  mnndtini  landt  grow  in  htranetb,  and  fiitm  >  compltic  rUig 
encirdin};  ihe  archcnicnin- 

Origiii  f/ti*  tt^iirrit): — The  mModeim  WiHb.  growing  in  iirenglh, 
bcoome  two  kyend.  Thcw  imi  Ijqrcn  *ep«nle.  Ihe  inner  (iidanchnic) 
dening  to  Ibenl,  ihc  outer  <>amUictdii>ging  lo  the  bodjr  wall.  The 
tpaec  lietwccii  tlicni  ii  the  i-ify  tmit/  or  eaimu.  Dul  ai  the  wpua- 
tiOD  of  •oinatlc  and  tplanclinic  layen  lakd  place,  nililloni  arc  ttUo 
formed  tiaMverscly,  lo  Iwronic  the  *e|ii«  which  puiition  uiT  ihe  body 
cavlijr  into  a  tcriet  of  iCKincnti.  The  eaviij  of  ihe  pre-or*!  Mcmcnt  or 
pradomium  diflen  tomcHlul  fruin  that  u(  Ihe  olhen,  K'iiig  from  Ihe 
fini  unpaired,  ioslcad  uf  inc)uiljii|;  two  lateral  cniitin  onf  vn  each  lide 
of  the  gut. 

A*  to  Ibe  i/ttJ  txitili.  ihe  vcnlial  or  uib-iinciiinDl  appvan  fiiM.  as  a 
wace  bcliTMn  ihe  nail  of  ihe  aichenleron  aiitl  the  underlyin;  ineao- 
iTenn  ;  ihe  doiMl  re»el  hai  a  double  ori|[in,  ariidng  from  (he  hukm  of 
iu\>  lateral  vcitolt  which  develop  like  the  veDtraL  The  IntpoRaiU 
^wiiii  it.  thai  the  (ilond  i-ctaels  are  al  fini  lone  locunai  ttacca,  whieh 
ginduull)'  sc<|uirc  defmile  wall*.  By  and  liy  the"haarlit  and  other 
TOiuiilicaiinn-i  in  Ihc  nuculor  lyiicm  appear. 

The  nfiredtilivt  trpmi,  ihoueh  proiflbly  aiiiinj^  from  celU  ohich 
luive  kept  lo  »me  eilcnl  aiwrl  froni  Ihe  Ibrmation  of  Ihe  emliryrs 
Mitalely  apjicaf  in  aoociilion  wilh  Ihe  mcMMlciin. 

Th*  iliove  it  ihe  account  of  the  iletehjument  of  /.HnirA-tii  i^vcn  iij 
Wibon;  .xnollier  [nvc«ll|,iilar,  Itctgh,  ililTcrt  from  WIlMin  In  «erend 
Importani  jwiuU.  Kin.t,  wilh  tegatd  lo  Ihc  nnmenrUlurc  of  (he  eon- 
(lltuoiU  of  the  iietm  bontlt. 
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WruoN. 

Two    Inncf    printilin    NcumliUtli. 
odU. 


Not    ibrop   cclh 

oillwr  liilc. 


on 


INatnioi   nO  of  etch    Prknlilva  niotoblatl. 
tide. 


(Tn  o  acphcidioblaUi, 
one  uloaJ  cell, 


(Outiir     lU     wMerlot 
in)'olila)4v. 

Innot      uf      iNMcrior 
rnxobluL 

A^eotdinc  lo  Bci^h  the  ccrni  taod  coniUu  orisinnlEy  of  ihtce  mU* 
OB  neb  ndck  tbc  neurutiLui,  the  primuy  iimcf  myoljlMl,  Ihc  cniler 
w]i«U«M>  TIm  primoif  inner  mjolilau  Ulc(  |{ivn  origin  lo  the  three 
imcf  njoUutt,  nephndioMkibi,  kiid  iMrnl  •.'cll  uf  WiUoo. 

FnnMf,  Beigh  nolci  llM  t\  an  cnity  ><■!:«  a  "  nerve  plmi*  '  arlMi 
on  ike  nM-reatnl  Kne,  pnLably  (rum  the  ectoderm.  »nJ  that  thli 
uaitM  irilh  Ibe  MMobkalit  kimi  to  produce  the  nervuuji  njittm  of  the 
ailolL  • 


Type  of  POLVClwtTA.     The  lx>b  Worm  {Arenitvla 
^stalorvm). 

JiaMtt. 

On  tbc  (ht  luindy  Ix-ach  uncovered  -il  low  tiUc,  the 
"castings"  of  ihv  lob  worm  ore  very  nuinvrouR.  There 
the  ftshcrmcn  seek  the  womi-s  for  bait,  and  have  lo  dig 
deep,  for  tbc  burrowcrs  inpidly  retreat  far  into  the  Kind. 
The  buTTom  of  the  lob  worm  arc  cylindrical  tubes.  Uned  by 
a  ydlowish  f^een  secictioii,  and  the  surrounding  sand  is 
ufien  discoluurt-d  by  some  cluuige  in  which  ihc  organic 
itiiccs  reduce  the  iron  conNtiiuenu  to  lower  oxidm.  The 
lut>e>  are  at  fintt  vertical,  nnd  aftcTA-ards  obii<iue  or  hori- 
rontal. 

The  lob  vroim  burrows  like  the  earthworm — cattn|{  the 
sand  for  the  sake  of  the  organic  jwrlicles  or  small  organisms 
which  It  contains.  The  sandy  castings,  which  pass  from 
tlw  Mid  of  th<:  food  caiial,  and  are  );ut  rid  of  at  the  mouth 
<>f  the  lut>e,  fall  into  spiral  coils.  Whin  Kctting  rid  of  the 
cuting%  the  wumi  lies  with  its  tail  upwards  and  its  head 
ijownwards,  or  with  iu  body  bent  like  a  bow;  when  the 


sEc.vsyrsp  wokms  or  ahnbuda. 


tide  cotnes  in,  the  mouth  may  protrude.    Tite  animal  is 
able  to  (urn  tn  its  burrow. 

The  young  are  pelagic,  and  it  is  said  bjr  some  that  Uie 
Adults  are  active  and  swim  about  at  certain  seasons. 

Exttrnal  A/^fitaranu. 
The  lob  worm  varies  in  Icnjith  Trom  eight  inches  to  a 
foot,  and  at  its  thickest  part  is  about  half  an  inch  in 
dbmeier.  There  are  three  regions  in  the  body : — (a)  ihc 
anterior  Ke^-en  segments,  of  which  all  but  the  first  have 
bristles ;  (i)  the  gill  bearing  rqi;ion  of  thirteen  segments ; 
(c)  the  thinner  posterior  part  of  variable  length,  without  either 


Pig.  64.— AccnkoU  pliaKoswii.    (AJlci  Cunnimouah 
xnil  Rawaak.) 

N41*  uiiolar  pnuuuon  of  momh;    w^  an  uicrlor  n^M^. 

Kfa  niid  HrTtU  «n  nwdun  R^km :  Ihimier  tail  ncioQ  cl^M  1>M<|g 
thAfi  tbnvn- 

bristles  or  gills.    The  head  !ol>e  is  verjr  small ;  there  are  no 
tentacles  or  eyes.     Anteriorly  a  soft  prolwscis  is  protruded. 

Skin  and  AfttsJa. 
Bach  MgmCQt  is  marked   by  sewral  rings;    there  are 
numerous  warts  on  the  posterior  region.     Most  externally 
lies  the  cuticle,  then  the  pigmented  epidermis,  then  Ihc 
circular  and  the  lonG:iiudinat  muscle  Hbrcs. 

Apptfutagef. 

Unlike  rasny  of  the  marine  Annelids  which  ha«  on  each 
segment  wcll-dcvcloped  outgrowths  or  parapodia,  divided 
into  a  dorsal  notopodium  and  a  ventral  ncuropodiuin, 
ArtniC'tla  has  very  rudimentary  appendages.  This  reduc- 
tion of  appendages  mu-tt  be  asiaciated  with  the  animal's 
mode  of  life ;  the  same  i«  true  of  many  tube  inhabitint; 
worms.    The  first  segment  has  no  trace  of  appendsgcsi 


STRUCTUtlE.  OF  AUBKICOI^. 


w»3 


the  next  ninuteen  hare  rudiments.  'I'Ek-  dorsal  psrt  con- 
li(t*  of  a  tiifl  of  l)ri<itk-«,  who*«  bast-s  are  tncloscd  in  A 
sue; — the  vt-ntnl  jun,  scpamtcd  by  a  short  interval,  bears 
wveral  hooks. 

Xtrvoui  System. 

The  nervous  system  is  in  its  general  featiiiei  like  that  of 
Oic  eaTthvrorm,  but  F&inglia  are  not  developed.  In  the 
vctiirat  nerve  cord,  the  ring  mutid  the 
gulk-l,  and  the  slight  cerebral  enlaige- 
mcnt  which  rcpix;sents  a  brain,  nen'c 
cells  occur  dilTuscly  scattered  among 
the  nerve  fibre*.  Along  the  dorsal  sur- 
face of  the  nerve  cord  run  two  "gi.ml 
fibres"  like  those  in  the  earthworm. 

In  wrae  ipeda  at  ieul,  (he  head  lohe  i< 
dJMlnelly  leniory  Mn<l  Ihcrc  are  two  dilated 
"ateh  orpttu."  Uiherwise  sense  orj^*  ute 
rcpramtcil  only  by  n  juit  of  otocysl  mn,  oiu 
gn  each  »iilc  of  ihc  tcmrJingenl  nctvi-  ting. 
Thoe  wcs  liVc  ihotc  wnicb  occur  in  tnajiy 
■ilhcr  Iiiveitebiaics  iwcin  to  have  lo  do  lollvM 
with  the  itlrectlon  of  the  uiilmal'ii  mcivcmcntt 
ihui  with  hrarini;.  I'rof.  Klilcrk  noin  iiii  in- 
ICfCUini;  wrin:-~lii  A.  Cla^rtdii,  ilivcr  an: 
limph  two  opi'ii  groovn;  in  A.  "i.irtHit,  ihc 
ULC1   hive   upcn   nct^ki  anil    contain   lnri-i|^ 

Anil  A,  anliihHui,  Ihc  Mies  arc  cUbci)  anil  cnn. 

lime. 


Fw.  65.— AMorinc 

pan  of  DnvoinqMeni 

m  Arenicolfc    I A  An 

VfViTanil  Vdxo.) 

(.,  CMftnl  inn  in 

wtkM<*>  "iK:  *■, 
flidhi ;  r.m.i  .  nNlnl 
fitrvcAinl ;/.«,.  btenil 

F>nicln  I  in  A.  CritUi 
lain  inlriwic  oioliiht  i>f 


foKd  Canal 

Tlic  motith  is  at  the  I'nd  of  a  protnisible  cup-likc 
proboscis;  the  gullet  has  smooth  walls,  and  bears  an  an- 
terior and  X  larger  posterior  pair  of  glands  uhich  secrete 
a  yellowish  fluid  perhaps  digestive;  the  succeeding  jiart 
of  tlie  gut  is  covered  with  yellow  cells  and  many  l>lood 
Tes*elSi  ai>d  is  diridi:d  into  rings;  the  tenninal  portion  i.s 
full  of  nnd  from  which  the  nutritive  mntier  has  been 
absorbed  ;  the  anus  is  at  the  ^-vry  end. 

TA,-  Body  Cavffy. 

The  iKxIy  cavity  is  s{>adous.  except  in  the  tail  region, 
and  contains  a  flui<l.     Anierioily  there  are  three  transverse, 
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panly  muscubr,  panilions  or  uwsentmvii  which  moor  the 
guild  ;  in  the  tail  region  there  ara  iiumy  such  ;  the  ni<.-dian 
part  of  the  ftut  swinfcs  Treely.  Posterioily  there  aic  alw 
oblique  partitions  which  divitk  ihe  segmeitts  into  a  R>cdian 
and  two  lalvT^  chambers. 

Tht  Vascular  SyiUm. 

The  blood  has  a  bright  red  colour.     It  flows  forward  in  a 
dorsal   vessel,  runninti  along  the  mid^onal   line  of  the 


Fid.  $6.— Uikwcituii  iif  aiiicrior  rcKion  or  AteiiicuU. 

(Aiier  CONUOinCI^ 

■i.f.,  <■.}.  StcbihI  ti<S  ihiid  ncMBioii:  iipu ;  ■■,  'mini  ntnt- 
•otfi^'t  p-^-,  Dniilq  tOK't  v-v-,  lenLnl  *cm«I;  m^t  uxih  ncpbrtdiuiii ; 
i.,  iniatilni;  l-r.,  Uunt  nutli  iI.t.,  iMtmI  '■■■  il  i  ■-,  hion; 

((ut,  backward  in  a  ventral  vesad  below  the  gut.  Two 
stili-inlcsiinal  vcsscb  lie  between  Ihe  \-entral  veisel  and  the 
gut,  and  receive  tributaries  froni  the  anterior  gilb.  (Some 
deny  that  the  sub-tnlestinal  vessd  is  double.)  On  each  side 
of  the  digestive  |ian  of  the  gut  there  is  a  lateral  vessel. 

Juit  behind  the  jioslcrior  pair  of  oesophageal  glands  lies  a 
very  contractile  heart,     it  consists  of  two  lateral  cbainK-rs 
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or  vemrkla.  each  of  which  recen-es  blood  from  the  dotsal 
venet.  fron  a  sulMntestinal  vesieL  utd  from  a  latenl  vessel, 
and  drives  Uood  into  tKc  vcntnl  vesscL  Ench  ol'  the  bteral 
vtneb  before  enicni^  the  heart  expands  into  a  kiml  of 
Miride. 

The  fongitudiiul  vessels  are  all  connected  by  transvenc 
branches.  Fmm  the  veotral  veuvl  arise  afferent  branchial 
vesaeb.  froni  the  sc\cn  posterior  gills  efferent  branches 
enter  ihc  dortol  vessd  i  while  those  from  the  six  anterior 
^t  join  the  sub-inleslinals.     Each  eCTerent  vessel  gives  off 


fio.  67.— Crow  •etiioo  of  Aicnicoli,    (Aflct  Coswotici.) 

K.  KiMmbIii  f-w.. <in;uLw  wucln ;  /,M..I«iciiiidiB*ta>iBilu| 
Ki~,  hMiiwIirir:  ft..  cO  :  •..  xtic:  ■>,  sai>linilUl  can:  uJtr- 
^AnilnDdyu; /'/'-,  tiftfcni  brwich-il;  «-,  ^vniral  nJT4<^*J 
VMh  Um<  thvOi  kW»  i  ■'>-,  ■lonj.l  mwl :  /.!■ ,  IukbI  inhcI  | 
«/.■■.,  wlrhuutaBl  mill;  F-i%.  •Eut»[  lowl;  f..  mi. 

I  branch  to  the  skin,  while  iIk  dorsal  and  sub-intestinal 
vcoeb  give  off  numerous  btancha  to  the  walls  or  the  guL 
It  seems  that  the  flow  of  the  blood  '%%  not  always  quiK  the 
same. 

Xafiratory  Syslem. 

There  are  thirteen   pairs  of  gills.      Each  is  a  tuft   of 
threadlike  branches,  tlirough  tlic  thin  walls  of  which  the 
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rud  blood  shiiioa.  A.s  the  papiUx  on  the  proboscis  arc 
hollow  and  contain  vvsaelK,  they  are  doubtltss  of  rcspiia- 
tory  signilicance.  Indeed,  ihc  gills  inaj'  )>e  regarded  as 
exaggerated  papilla:. 

E.\fretoty  System. 

In  the  anterior  re^pon,  from  the  fifth  to  the  tenth  seg- 
ments, there  arc  six  [mint  or  i)e])hridia.  Each  consists 
of  three  parts — a  funnel  o|icning  into  the  body  cavity,  a 
glandular  portion,  and  a  bladder  communicattng  with  the 
exterior. 

RepivdMtivt  Syslem. 

The  sexes  arc  liqnrate  and  similar.  The  reproductit**: 
organs  arc  very  simple,  and  lie  on  the  |H-*iloncal  incm- 
bnne  of  ihc  body  cavity.  They  ate  dmclopcd  m  close 
association  vtiili  the  ncphridia.  The  rcproduciivc  cells  are 
hlicraled  into  the  body  cavity,  and  there  matured.  In 
August  and  September  they  paw  out  by  tlie  nephiidia. 
Little  is  known  in  re^rd  to  the  development,  t>e)'ond 
the  fact  that  the  yotmg  are  for  a  time  free  swimming 
pelagic  forms. 

IMxlopmtnl  of  Potychata. 

At  *n  namplc  %£  ihi:  ilcvtloiuurni  of  [hic  iiuuiiii,.  CkMopodi.  we  luAjr 
Inkr  BufemMi!.  vihicli  lin<  liccii  iiiM--iigAiod  li}'  Hatxhtk.  Here 
K^cii(*lion  b  coii'i'lcle  biil  tumculinl  unixiiul,  and  mulls  tn  the 
fumktiwi  «r  a  Uoslula.  uiih  its  iippci  lii»ii^herc  compoted  of  uiult 
(eciodifink)  oelb.  and  the  Idh'ct  oi  Ibihc  (eriiladcmitc)  ccUl  Among 
Ihoe  laiUi  aictWD  t|]hcnca]  ci-lU— Ihcprimitivciiirtntiluii.  Invaginft- 
lion  Uka  pUcc  In  the  tiiiuat  *»,f  to  foTTn  a  )[a>tniW  ihe  priniitivr  mno. 
Ii1-.u>(i>  ilit'iilc  *nil  fiirni  iiiru>blii>.tjc  Uiuli.  I'urlng  time  jiiuotsKs  the 
ntcrnul  Itirin  )ai  nlti'[c4  <xm»i'luial>1y.  The  upkal  lalwrnl)  tcgiim  of 
th«  ipitttuk  bocoenoi  lilteJ  fcnvrd,  on  udodrnnic  JnvigiiutiCHi  Biudi 
(Hnii-tiorlv,  uiiil  nnitin):  with  the  Mchcnteroii  pioduots  hind*gui  uiU 
onui.  while  a  MintlM  iiuinkine  uUeriorly.  in  ibe  tcfion  o\  the  Uuio- 
norc.  foRlu  loic-|[UI  and  mouib.  Thv  liui'^  |{ut  k>  foiniTd  tioa  a 
<tIslinR  tcntc>l  curve  Cilia  appear  on  ihoiucfocc  at  an  taily  )U^r,  lui J 
nnw  fbrm  a  dlttlnei  ptc-oral  iln|>,  unit  atui  a  Ims  ciintlanl  pmi-oral  ring. 
At  the  apci  of  the  [irc-oial  tcgion  nn  ictoiJermic  ihicki-ning  take  places 
thisfivM  rite  in  an  apical  (puiglion  with  utiicli  neuwiry  iiniclurci  are 
ulten  auociatctl.  The  imrsodernuc  bomlt  give  rise  to  miucle  oelli  ntcd 
in  svnmminB. and  alsu  to  th«  "bead  kidncyi"— a  pair  of  lairal  ti. 
ctcioiy  lubes.  The  Inm  m  formed  it  a  iniical  TrDcbotpheie,  Rich  lu 
occBn  in  the  great  mnjarily  of  BDtjrdueta,  In  a  more  or  l«u  raodilied 


Fia  68;,— Drtfllopmcnl  of  Pa1reDntiu&.     (After  FaAlK>ST.| 

WF*ibfT  ipcrv  cell:  ^,f'<  tptim  ninmW;  J-.  tfvfnuccjvA. 

,     ,  ,  ., .    t^  ftfinintwo  of  poMcnOf  MpuaDia; 


-^■*^  ^    ^■^■—■■IIMIIIIIIH     J.    pmi    |4>XIUlkmU III 

^»<4  riiw;   «i^,  firiinlilvt   EicpfariJU; 
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folM  In  MUiy  (Klio  »vnn-t]rpe«.  Bail  ■!*(>  In  MoUuio.  We  vaij 
•■iiMMriM  iIm  chkf  cli»nci(ni  ol  tbc  TncbeaplMrc  ihu» ; — 

(i)  Tbpre  it  a  promincol  jm-aral  rti^ioa  »tlti  ui  >|>ic>t  gBfigHoa  and 
a  ting  of  alia. 

(1)  Tbc  nl  hu  a  diMincI  <«nlnt  curve  and  a  IbrccMd  ori^. 

(3)  Hie  Hivd  faodv  CKvitjr  ia  timply  the  iwniitcni  MgineBtatiim 
carity.  and  In  it  mttctlot^  lit  tbc  primltire  maoUiau. 

The  Trochotpnctc  U  a  liec  twjmnunit  pcl^^  Una  ohich,  amonK 
wuiins,  cotTMiiwil'i  larj^y  to  ihc  hiiiuelead  tci;ic«  oT  (he  wlull.  lit 
mctanuniihoai*  into  (In  a/utt  prolMUy  takn  ciac*  iM  Ihc  mou  ptimilivc 
b^cn  UI  Ihc  lilllc  worm  lirfygarJiiu.  Vrc  ihalU  therefore,  Mbxi  it 
there  (Fig.  «8). 

In  the  larra,  artiich  i>  a  lyuwal  Tiochosphenr.  ihc  first  apt  of 
i^jmctilalian  app««r>  in  ibc  banib  of  mooblut.  Thcw  l>et>;iine  dindccl 
)nlo  KBCccuivc  seEmmu.  vhile  ■!  the  ume  lime  ihc  hhIciioi  region  <>( 
Ihc  ian'a  clcmi^lcx  giotlly,  canyJDi;  the  lairal  f^t  laekwardt  u-llh  il. 
Mcinwhile.  A  cavity  opptarti  itt«ch<irihcnicM>bliaiicb«eaenIs.  TheM 
cavitie*,  uLni  tOK«(ber,  lorm  the  aduli  body  eaoily ;  (he  outet  anil 
inner  wnlli  forni  Ihc  Hinialic  ami  t>ylanchnic  laycr\ ;  the  poalCTtor  anil 
nniciior  onlji  afatljwenl  HeementB  fuse  to  Ibrm  the  xTpla  of  ibe  ailull 
Harm :  Ihc  inner  <ipl>iichnic)  wnlU  of  the  prinillivc  Kgmcnd  on  nieli 
tiilc  (luc  alm-c  an<l  nclow  the  gui  to  form  ihc  dorul  and  i-cninl  lup- 
purling  mcwiilnici  of  ilie  pii.  The  heail  rpgiim  it  at  fir*t  ili>>|itopi'r' 
lionalely  1^^<>  '"><  '*><*  tiy  ait  indcfwnilciit  proccu  at  grouih  tufomrt 
reduced.     The  larm  absnilont  it*  ptb^c  iJlc  and  beoomei  adult. 

Comparing  the  detelppmenl  of  IVilychvla  iriih  thi*.  we  find  [hat  the 
TrochcAphcre  is  often  modified,  and  that  Kgmcntalion  tend*  eoiutantly 
lo  appcu  U  an  csilier  ilosc-  Ai  a  fuiilict  ilc|i  io  theurmcdiroctioD, 
wrenuy  note  that  in  tome  Poljchicta  tbc  Ttocho»phere  «tagc  li  no  lonccr 
recognitablc  at  «nch. 

A  gtntral  (imtrast  e^/  tkt  modtt  «/  Development  in  digtreml 

Anntiids. 

A.  K 

"  Uural"  Typm  "  Foetal "  Type* 

01  in  lU  in 

nwiinc  ChiclopoiU.  Earthworm.  Leech.  &c. 

PtfyttntiHI.  Se. 

Develop rnenl  indited.  Dci'clopinent  diiect.  *ii(hio  Q|;g 

A  free  twitnliilne  Ttochoiphere  capiule  ;  Trocliutphcrc  htagaalllMU 

tlagc.  <•<<>>  trunk  alniuki  or  wholly  m  wliolly  tuppreneil. 

luppretH-l.    KJih    head     Ngloa 


^atly  dcvclopei*.  with   ailapia- 
iion*  lo  ftte  mnrine  Life. 


jMmtrijui  lype  CUfiint  Ij-pc 
with  bltle  nulti-  wiih  much  nuirf. 
tiie  malerial  in  ti*e  material  In 
ovum,  with  giu>  ovuin,  with  eu- 
(iul«  (ormcd  by  trula  iherelar* 
invnglfiallon  (cm-  formed  by  ovot- 
Iwlic).  Browttkteplbolic.) 
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Gtnerai  Sitrvey  ef  Chatopoda. 
.  OH^ktta. 

Of  iMmtrUut  Iheie  arc  niiinjr  tpodo,  t^„  Ihe  ooinnion  eailhwoiin 
/,.  Iirrtilrii,  ihf  ilanellllJ  wi.rni  J,  /irliihu,  anil  /_  temmumi  Or 
traftwitbi.  obatc  i»a  luiially  lutin  Iwirit.  Wc  msy  oiiiiTnicndy 
incladc  iinil«r  ihf  liik  "  cailbironiis  "  «  prat  aTiay  of  hiuimIs  niotc  or 
leu  like  IjtiH^-HHi,  KoA  ohmUv  described  lu  (ctrioulmu  Olieoducla. 
TbcM  >K  uran|{c>l  fay  Bcddud  in  fbui  main  grmiiK—LrHIiitK'iM, 
GtOSOtMLVClHi,  ACANTiiooBruKi.  and  Kiiukium,  with  a  ilUcrucnt 
group  MnKtl.HiAsnuu.  It  i*  *ivou|;h  {0%  ut  to  nulioc  here  iluit  (lia 
dhmMb  claMtficMkin  i>  ctiicll)'  bmoH  i»i  Ihe  moiiilicaliiins  of  Iha 
excMofjr  tnti-m.  The  jars'*'  "  wrihwoim ''  it  a  Tnimanian  ipeciei— 
MtfiUiWiiii  fi/ziAniAini— lUMtudng  aboul  di  feci  in  length,  bwI  (o 
make  n  e"'R''''K  ^^  **  '<  tclreUt  andeqpmind. 

To  XitttK  mull  llicn  be  aililcd  s  number  of  ramlllct.  TtMfiiidif, 
BmiytntHa,  &&<  which  liie  in  ntiiil  .inil  maler.  ftn<1  .ile  n^va  mIIkI 
limicolouH  Qli|^h(V<B.  Oflhcse  a  leiy  eominiin  repmcntalivc  it  (he 
little  river  woim  TtAiftx  rmihtm—.  often  fonnd  in  the  mud  of  brooks 
aiul  well  wtlod  in  ttt  itvupateiic)'  and  inuUI  liw  for  micToHcotHC 
exominalion.  Al«i  nolalilc  »  the  fieih  valcr  Nan.  with  remarkable 
|>owera  uf  aseiual  limhlini;.  Aiii'ilhcr  internling  ally  of  TiMftn  it 
Bnutrtiura,  whdch  hu  |«>reil  cvniracllle  gilli  on  each  of  (he  putlerior 
Kniratt  of  ili  body,  (hut  KKmhlinf^  n  l\>l]rchn^te. 

The  lecdl-Iikc  Ari*iKAi«Ut//a,  wKich  ii  lauaulic  on  the  czmyGih,  ii 
afipartnlly  an  ahnurmol  Olljpxhieie. 

II.  tVjitiM. 

Living  in  lunouiidingi  uuially  very  dilS-rent  from  IhoM  of  the  mote 
or ItMsohtenaneui  earth'  and  mud-worms,  the  marine  l\>tychirta  have 
a  ikhci  devctepment  of  eitemat  slTuelum.  arvd  a  mote  oompici  life 
hhtmy.  From  (he  »i'le»  of  the  body  rinu*  •litiincl  outfi«<rtM  (mm 
the  linl  gtfluine  Ic^  Tlictr.  kimun  ai  pnmpodia,  beu  bundlei  of 
firm  heiillcs  and  are  typically  ditixiblv  iiitu  a  (vnlral  neuropodium  and 
a  clonal  nolopodium.  Each  of  theic  is  u.Mially  fumiihed  nilh  *  probalily 
l*clil«  process,  ibe  Iko  being  known  rcspecliicly  a*  the  notopodial 
eirrut  uid  (he  neurojiodial  ciinu.     With  Ine  onlopmliuin  the  Ant  iroc 

SI  k  which  cnalain  pmlunKal  inns  of  (he  bwly  Mvl(y,tieiiflcn  anoctaled, 
\t  (he  m|sr*t>Hy  philn  ithlrh  ocrttr  in  the  Ma  moua«:,&c.,are  pmlialily 
meUmMphnscd  •I'mnI  rirri.  f«r.i|"K!iA  arc  abacDl  from  thr  ajilrrim 
rt^on.  hut  tbi>  is  ftniucntly  well  fumikhcd  with  tactile  drri.  at  wvll  u 
uub  eyes,  "  etr  «a,"  and  other  sensitive  itiudures.  The  eyes  <>how  an 
inlercsttnK  icrict  of  gnidalioia  liom  umple  pi|[mcni  kpoti  to  very  <nin- 
plloued  «tnicln(e«  f'^.,  Akuft).  eihlliiilnf;  cornea,  ctytulliiie  lenh 
WJnt,  Ac.  In  wany  om*  in  ihcse  niiiine  woitni  the  hToud  it  red  «■  it 
h  in  matt  Olii|ochwlef.  but  it  mny  t>e  eoknirleu  [Afhrnliu),  (;mn 
[Satitta).  o*  ydtow.  The  pi|;rTiri>l  in  >ii>iially  dissolved  in  (he  pluma, 
and  ils  variAtloni  in  character  anrl  nmouni  among  nearly  allied  foims  are 
of  £ical  interest  lo  ibe  comparative  phyiioloKlsl.  The  |nit  is  frojucnlly 
bnnched  aiKl  of  bir|[e  Qilitnr.  In  some  oucs  (Capi  tell  Idle)  it  imwrun 
an  aceetaoty  communlcalinK  tube  (KclicnJaim)    which  it  of  iiiiMc«t, 
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IiRvinc  l;ccn  cmiijiaio]  t»  ihc  iK>ti>i:lu:in1  nf  Vvrlctintct.  1*Iil-  texxi  aic 
uuiHlly  Kjuratc,  ihr  iciiriMluclIir  mf;txA  »iiii|ilc  Km!  ileioid  iif  Hccotoiy 
Mruclum.  The  nrjiiiridis  funclinn  u  gi'nital  dacl».  There  ii  • 
■netaiiuiir]>hoiiit  in  devetuiimenl. 

(d)  Some  of  there  miiriDe  Polychwia  Im)  a  fm  Mid  mott  or  lr« 
MliTe  life  ctBwIing  bclKccn  lidciiiiuki  oi  on  Ihc  «n  liolloni.  biitrowint; 
in  Ihc  uuii).  or  iwlmiitinK  in  Ihc  iijicii  wilcr.  Thrte  Hrmntlii  liitvc  wcll- 
d«vclo|>cd  ■pm^ciiiilcs  ami  a  lame  yiT-t>tr.\  u-f-nicnl,  *aA  are  p;ri:™ily 

nnocialtd  i»illi  xht  dutial  jurlB  of  Ihe  parapodio.     Mail  of  ihcin  ki-A 
on  other  nnimaK  and  have  shaip  "lioniir  jaws'"  while  the  anl trior  |)Qit 
of  the  ^t  14  jiroiruiihlv  wt 
prolioKis. 

Ntrrii  and  A'tfAliyi  arc 
IWH  eiiinnHiti  Kriiria,  tipeele* 
of  which  majr  tie  uneutheil 
liy  digging;  in  the  and  cime 
lo  i^ti,  Ihough  al  timci 
IhcK  o[  oihei  »]>ccia  aie 
teen  ntimnilnii  freely.  1'he 
m  moiMe,  AfimxtiU,  hat 
inldeMCnt  hri&llo.  a  (ellwotW 
of  muted  hair  coveiine  Urge 
nil  plain  which  lie  along  itt 
back,  a  very  lAr|;e  tnuKular 
pliaryni,  and  a  (;<ii  wilh 
numcroui  inrfjulnr  hnmchct 
ex  lending  lhiaii)[hDut  the 
body.  A  vcnr  commMi 
tboK  form,  n  liltle  like  a 
unill  Afkndilt,  is  Ptfyiu*. 
A»  an  iciivoly  ernni  worm, 
wilh  well  devclupnl  eyc». 
Abiofi  may  be  iiod-d,  ami 
lh«  family  of  Syllidic  i>  re- 
noikable  for  ihe  unuiunlly 
praliGc  okiudI  budiliriE, 
which  tamclimr^  rMutU  in 
a  diain  oi  c\t-\\  uii  iin(>ulBf 
branched  a^rrsatc  of  uullviiluulv.  A*  ihe  culicle  a  iiftcn  irridcirenl, 
■nd  M  Ihc  f«d  blood  nuyihinc  Ihtough  (he  tkiii,  lhe>c  niniin«  wntma 
■re  traquendy  bcantiful.  The  liii  of  nymphs  and  gi>dde»i.i  liai  been  ihc 
source  of  nch  litlei  ai  Ntrtit,  Atkitdilt,  Etinut.  and  UtrmiotK,  and 
one  can  almon  believe  ihc  Iq^id,  nccoiding  to  nhich  a  ^pecialiii  on 
Enanlia  chtikiencd  hit  <taui;litcrt  allcf  hit  nevta  faixniritcL  ■ 

ifi)  Olhci  marine  rol^clueU.  himcver.  lead  a  more  )>Iugelth  life  within 
1*110111  kiodMjr  (ubtB,  hmy,  Himly.  popery,  ui  geUlinout.  At  fine  would 
eapcd,  their  ixnapridia  are  minute,  apt  lo  dc|^nerale,  and  ofl«n  iited 
tofely  for  climbcrina  wiihJn  ih*  lube.  The  pre-oral  region  ii  iinall.  Init 
the  antcriur  ringi  luimlly  Ixnr  gilli.  Cirri,  and  lectaclei.  ofien  in  rich 
prflfiuion.    These  Scdcnlarla  rarely  Yitxc  a  |ir«lruulitc  pharynx,  and 


Fi<i.69.^Pnrnpadiu<nora  Marine 
t'u1)chiel«,  Htlttentnii.  (From 
gOATRKTAnB*.) 

A,  NiMo^odkin;  ^.  TiwrDpttllvm ;  a, 
nal>;fu^Bl  eimu:  /,  nniTopudiil  drrutl 
'•  <■  t-  ("I  l>(alA :  '>  'i  infu  of  biiulH. 
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vetta  "jawk,"     MoU  of  them  itrA  on  minute  Alifcc  iwcpl  in  \tf  Ihc  dlia 
on  Ihc  lentaclo  anil  uihct  uiactuies  aboul  tlie  niouih. 

The  luhcnnin'i  lob-i>onii  {Artnuiii)  litidnwt  oa  ihc  wndy  thuic 
IfVr  l.umhriitti  In  itir  ficklt.  (Idiiiiii'in  alwi  '•»  ihc  Mhorr  uilliiii  t  tulic 
of  uliml  ■ami  ^ilic!<->  ik  Tr/rAfMa  oi  l-ariue  iimtkiifj,xt,  wlicti-  Ihi-  «- 
ciciKiy  liilx.1  ntr  imtlty  iiniltil  tiy  .1  luiiijiiudinnl  tulw  in  a  niLiniicr  tuf- 
miiivi-  of  the  iqpnptiril  iluct  unicfa  coitnecii  itie  ncphriclU  of  n  }>oiin|; 
Vcilelinile.  The  t*i*le>i  limy  tuba  o(  Strfula  we  cummon  niitklrlc 
iihctli.  jin<]  nil  Midt  of  mnrilie  objcctt.  and  Ihc  anlmil  licin  a  Mti|i[irf 
ur  oiviriiluni.  with  Khich  il  L'luhrh  ihc  iiiuulh  ni  il<-  tulx:.  bul  ih[<Mi|;h 
whiili  ii  iif'ilnlily  ;it  tlir  uiuc  lime  btcitlhct.  Ill  deep  walct,  within 
a  ytUem  [utcliiii(-n!-iikc  lutic.  Clt-tUfltrH$  may  be  drrdgcil,  perhaps 
thi-  iliungcil  lutni  of  nil. 

1 1 1.  Iukinrid-i. 

In  hold  in  Ihc  rocks  on  xmic  of  Ihc  ■»»!«  Kiin>|i(iui  o.iuit  Uvh  b 
cun-iui  ■'  •oral "— /taiK/fta  trinJii.  nf  a  licauiiful  n(ti;ii  oiloui,  *ilh  -i 
|diiliu)A(  iKxly  unil  a  \"Ke,  i;n>'>vtiil,  .inlccinily  f<>rl.cil.  prc*'i"i]  (itiilru' 
uon.  Such,  U  Icatl.  i*  llie  kmulc,  \a\1  tlir  ni.ile  l>>  micTr:r.oi)>iC  In  xiic, 
hujiclouly  ilegenernle,  XWmf,  |ari«iiiiullr  >n  <■'  ""  hi%  innlr.  The 
male  revnildi-i  in  tome  wa)>  a  Tiirbellanui.  is  mouthlm  and  gutlc9*| 
oDil  hull.-  dw  (han  a  mieraiory  hpcmMtoptiorc.  By  nieaiu  of  cilia,  Il 
movn  fi<"ii  o<ir  )urt  uf  the  fi-mulc  10  anolhei,  and  fvdiliMi.  ihc  i'|*p  In 
a  nicdirtcr)  rirrcliay  liil«r,  whicli  ".'rtt*  Ihc  (riiial*  Hfutlia  3*  a  litems. 
Here  illutliateil  in  fxlieine.  we  u-t  Ihe  luunl  ineijualily  (in  ■air\  between 
iht  sncs. 

Leu  alNKamal  Ihao  Btuillia  are  the  genera  EtkiHrH$  and  Thai- 

In  this  Mnnll  uih^mlci  ih?  xiuli'  hnvc^at  motl,  iniiittlnel  traces  of  llw 
MK»cnl!i  which  (he  )v>uii)-  fmmi  cxhiUl.  Not  sir  ihcic  parapodia, 
djii  'ir  Ijills.  tiul  MTliC  Die  a1wjiy\  icjiictenlci'l  (cucegil  in  tliF  male 
/tmwJViii)  br  lw<>  intrriuc  biisllci.  and  in  Ethiiintt  tiy  ixnleriur  spina 
a*  wdl.  The  iicnc  cord  b  onwginenlccl.  luid  Ihcre  is  Iml  a  sliaht 
aUeriiM  rine  Hiihoui  a  bnio.  The  notcrior  lurl  of  the  body  toTnii  a 
nnucsUf.  u'ell-iniicrvAlett.  dlijtol  proboscis  with  Ihc  moutii  deeply 
Mloatrd  ai  ii»  t>v-r  ;  ihe  liiil  i>  itmch  mtle<l.  txnrt  a  ciitloin  adjacent  tul<o 
knoan  at  Ihe  "cdltnleni  inlnline,"  nnd  a  |air  nF  excirloiy  "anal 
glonils"  opening  intu  the  Indy  cavity  tiycilinl«il  funnels.  There  is  a 
lerininai  anus.  There  arc  doiwl  and  vi-niml  Mno'l  vi-uds,  and  lao  01 
ibnc  pain  of  M^duidia,  one  or  mure  of  uhinh  fimciion  ns  Kpraduciivc 
ihicK.  The  wie*  are  Kjuiiaic.  nnd  the  icpiuductiTe  ctcincnl*  arc 
(■Mined  on  the  walU  of  thv  lu<!y  citiily,  intci  which  I  hey  aie  llWt.itcd, 
Th<ie  iia  MctaniuiphnU  in  dekclopnien!.  the  lai-nc  dinciliiK  Er»iii  llic 
Bihilii  in  iBMiy  vay^  t^;.,  in  lieinc  wgmenlcl. 


Aftfatdix  (I)  /n  CkJtt/viia. 

Pkimitivk  Cii.t7roroi)C  a!<i>  Ankiu  ipt  (Archl-Chxlopoda  and 
Archi-Aiinclidn). 

An  ihcRMM  Qsctopod  type  is  rcpitesenicd  by  Sautiirnii,  a  tmail 
ma/ine  "worm"  with  nuiny  primiuve  chaioctcriiticL    The  body  is 
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bw  the  moMk  ««gRient » iMfc  i  tlicK  ue  boBdln  of  mIk  i«  ibc  iwp  t 
the  nerroH  i^nalem  rimhim  cmbcdilvil  in  (be  «pid«miis. 

Uoio  ikImIiIvc.  Ikiwci'ct,  uc  Ihe  Afdu-ADBrliita  tcpmciilril  W 
/M)wMKm,  frrtrJriiui,  «iul  J/iilntJfiitii^il\  nuttktb  TW  UIMll 
bo^  h  MBoirtiifil  aiul  uaidnn  :  ihprr  an  ao  wlic,  tw«|ia(1ia,  drri, 
ar  (fllia  till  '^  hcwl  Imis  *  lew  Mnlsdrt;  u  at  Satftttrmi,  lh« 
fve^Nal  Ngwn  h  mijiII.  hikI  ihc  MgmnM  ■round  the  Mouth  n  \»rfr  | 
ibe  vety  dapic  nctruiu  fjrtton  ii  moincd  i»  (Iw  cpiilMwU. 

A^wWImf  b  ■  (hln  *iwn,  »n  jncli  or  man  in  lcn|Rlt,  llvinc  it 
•llghl  iTrfiltn  ill  mihI  ot  fiac  piwl.  oRcn  ■)<»(;  wjib  the  lutcvbt.  It 
1m*  b  IfK  c«lniul  dlM  ■bnul  (hr  axiulh  id  a  yair  of  licxl-iitli.  aiw) 
MoieiinK*  on  Ihc  boily :  it  muvm  lAc  a  <i»>nii,  bm  bu  no  bnMkk.  It 
iMiti  like  an  <aitbin>nn,  ot  MMDdiiiwi  naorc  diacriaainatiaglf  oa  oni- 
edbilM  MfuiiiWL  The  fcmaks  arc  uvailf  lamr  tWi  ihr  Malefc  aad 
b  aoar  apedt*  Imak  aji  at  miaJ  wMimly.  VSnt  develofaieat  IseliHla 
•  IMtaiiiMinihw*^  awl  tit  lanx  necia  ta  throw  loinc  Itp^  on  tke  mIm« 
erf  thr  anMMnl    AnbHiib.    Thry  ate  ollMnl.  Ticc   >wlniaiSn|b  Ugjbt 

ilt^tu  ai  aga  advanon.  Amt^ine  l»  tOMc,  ihr  larra  rrpresmo  a 
imMlive  iwwmtntrf  aBeeUral  AAMBd  with  in«il*«iil  aAailia ; 
aoTOdinK  l»  niliefv  the  laml  chancamrtia  ate  acbfitlvc  Id  (he  miW 
af  Ufc,  and  wltbnai  hbinrie  iaHnR«Be& 

/VWa^Mw  it  even  tanalkr  than  /W^frndtmi,  willi  laen  eOlft.  owUIa 


IMilacla>  B»l  two  liuNg  Ma*  «n  the  poaWtoi  txtmnilj  :  the  mow 
Tuihrdatian-Kke.  the   n^itmlanini  oepn  hcnaaphiwOia 


,  the  devrfoMMM  iliKd. 


iKiriiinlai  a  fioaMlM  m  lite 


iif  Ihe 


1*MAUnC  AMti  DHrtUUTI  ClUTOtVtn.     HVKKTOWATA. 


1t»RMAayeiMan(J<^Mi/''  '  0  )•>  (hit  MaaH  dMi.  Hvt 

■Of  »l  faMhn  un,  oil  y   (nna  iplk.    TWy  arc 

I  aa  iMvniM  ufchaoto  bun  i-mniKr  AnawUila.  the  larval  forai 
_  anan  Alfacllr  Ow»0|WJ  dM»aH«H.  TV  aabMla  dboUke 
batf  ia* iMiqtaiMlMl,  and  hawa  Str  pain  of  panpcalta,  aack  arilli  a 
aarfilbiK  Inaik,  «ilh  wkldi  irtr  (Min  of  aacken  mimiXy  alMmaie. 
Thar  are  abn  alaamlaaa  dnl.  The  (kin  ia  ikridh  the  1n^  aHncvlai, 
Ike  aiWBi  tTDtiB  la  ooKentiMed  iai  a  canelhiaiie  mbm,  aUdi  mdfdaa 
Ike  prfhrt.  ami  0f«»  o>  akaadaM  Iwwichaa.  Thare  ia  a  {MMntUfa 
ynlMCia  aad  a  taiMliod  m  i  ikv  nialh  and  aaaa  aia  waaHaL  Tka 
•fa  aiW  iM  IW  ndacadlanlj  mil)!,  atal  |wa  l«  Ikne  ■iraMilariac 
iHbtufii  I.I  ikr   inrnt  ^la-nkif      T>r.   inM  ais  pakeiL  linni.'heiL  anid 

1-B  aOilettnlT  uai  Ihr  <Mr  uir  the 

■ire.  hi  ont  apeeM  bt  hmna' 

1"  :  '     ^  ihet«  b  aa  InirnnoliBir 

•  I  -  TV  knaMphaniliic  farai 

.•BfT  iiin.i'.  in  Ike  aaapleMdilal 
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Class  DiscoNioRA  or  Hi8UniNK.\.     l^urhcs. 

This  <fats  intitides  /orius  fit  wAuA  tit  body  is  e/OHgiUed 
or  fialttne^,  Jevi>iJ  "jf  afftiJages  or  hrhlUs.  itnti  marl^ 
(-xltrnaUy  by  rings,  teAiiA  tire  miuk  m^re  Humerous  than  Ike 
segmmts  as  displayed  in  Ikt  inUrHo/  tlmtture.  TTm  ittdy 
eatity  it  mufh  rtdwtd  and  (ammuHitaUt  with  Iht  tMll- 
dnv/i'peJ  t^itru/iir  lysltm.  The  ntj*hridia  art  numereut  and 
fegmenialiy  arranged.  Tkere  is  ahvays  a  posterity  ftitktr,  and 
Ike  mout/t  isfrt^ucnlly  suel<rriai  also.  Almost  all  art  Aerma- 
fArtidile,  Ike  male  organs  are  numerems  and  usually  stgmeHlallt 
arranged.  7'Ar  n^fhridia  da  not  /unetion  as  dnfis  for  Ine 
repr<idu(live  organs. 

I.ccchcs  show  several  vciy  distinct  Annelid  characters, 
but  on  the  other  hand  differ  from  ringed  worms  and  agree 
wild  Hat  worm*  in  hiving  suckers,  in  the  absence  of  liristles, 
in  thtt  frc<{uen[ly  ll.itleni;<l  form  and  iithrr  fi-atiircn.  It  is 
impossible  to  say  how  far  these  resemblances  with  flat  worms 
arc  due  to  the  adoption  of  a  peculiar  mode  of  nutrition,  but 
the  evidence  on  the  whole  ieenu  to  Ijc  in  favour  of  Annelid 
affinities. 

Mont  tetrirhes  arc  worm-like  aquatic  animals,  with  blood 
sucking  propensities,  but  some  live  in  moist  soil,  and  olhcrt 
keep  lo  the  open  surface,  while  the  parasitic  "i.-ampirc" 
habit,  familiarly  illustrated  by  the  apothecary's  ancient 
panacea,  is  in  many  cases  rcpUced  by  carnivomus  habits 
and  predatory  life.  The  medicinal  leech  (liirudo)  is 
typical  of  the  majority,  for  it  lives  in  ponds  and  marshes, 
and  sucks  the  blood  of  snails,  lishes,  lro|;s.  or  of  larger 
available  victims.  The  giant  leech  {Maerobde/la  t'a/diviana), 
said  to  measure  il  feet  in  lcii|;th,  is  subterranean  and 
carnivorous,  while  lite  wiry  land  leeches  {//amadifisa,  &c.), 
of  Ceylon  and  other  |iarls  of  the  East  move  tn  rapid  somer- 
saults al(>nj(  the  gr[iun<l,  fasten  on  to  the  Wgf.  of  man  or 
beast,  and  gorge  themselves  with  blooiL  tly  attaching  the 
head  end  by  the  mouth  and  loosening  ihc  tail  sucker,  then 
fixing  ibe  tail  and  extci>diiit;  tl>c  aiiicrior  region,  many  leeches 
tiiovc  v^-ry  (|ut<rkly  aiK]  tleftly,  while  at  other  times,  or  in 
other  foinis,  the  mode  of  locomotion  is  by  gm<'eful  !ier;>ent- 
like  swimming,  or  liy  genltc  gliding  after  the  manner  of 
snails,     lite  hungry-  hone  leeches,  "whose  daughters  cry 
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Give,  Give,"  are  species  of  HautopU,  greedily  suctorial 
though  their  teeth  are  too  small  to  be  useful  in  blood- 
letting ;  hut  the  popular  name  is  also  np[>licd  to  sjHicies  of 
the  eommoii  ^cruk  Aultutoma,  whoise  members  are  car- 
nivoroii.s.  Other  common  lei.-<;hcs  arc  Kpecie^  of  N<fiMit, 
pretUciuus  forms  with  indiscrimin.it  ing  appetites,  ami  the 
little  C/fpsmt,  also  common  in  our  ponds,  notable  for  its 
habit  of  catrying  its  young  about  on  its  belly.  Numerous 
ntatine  forms  prt>-  upon  fishes  and  other  aniiitals,  e^.,  the 
"skate  sucker"  tonUiMtlla,  with  a  leathery  skin  rough  with 
knobs,  and  Bntn<helli-^n  on  the  Torpedo,  remaikabte  for 
numerous  leaf-like  ic»pira[ury  phirt  on  the  sides  of  iu 
liody.  I'erhiips  the  strangest  habitat  is  that  of  Ij>pttebd*lh, 
which  lives  on  the  lips  uid  jaws  of  the  crocodile. 

Tyjx;.     TIvc  Medicinal  I-eech  {HimJo  mnfmifa/tf). 

I'his  is  the  commonest  and  most  familiar  of  leeches,  once 
so  constantly  used  in  the  practice  of  medicine  that  leech 
l>ccame  synonymous  with  medical  practitioner.  It  lives  in 
ponds  and  sluggish  streams,  and  though  not  common  in 
Britain,  is  very  aim mlant  in  ninny  rrgions  of  the  Continent, 
where  leech  farms  (unncrly  ol  ^teat  importanec,  arc  still  to 
be  Seen.  I.ceehcs  fi-cd  on  the  blood  of  ftshcs,  frogs,  and 
the  like,  and  arc  still  caught  in  the  old  fashion  on  the  bare 
1^  of  the  callous  collector.  As  animals  are  naturally  averse 
to  bloodletting  and  hard  to  catch,  leeches  make  the  most 
of  ihi-ir  opportunity,  aiid  feed  very  grc«<lily.  They  gorge 
themselveis  with  blood  and  keep  on  slowly  digesting  it 
for  many  monihs,  it  may  be  indeed  for  a  year.  Watched  in 
•  glass  jar,  the  leech  will  \k  seen  to  move  by  alternately 
fixing  and  loudening  its  oral  and  pusterioi  suckers,  while 
some  slight  provo«.nlio:i,  such  as  sotnc  drofM  of  chloroform 
or  alcohol,  will  indtio.'  the  aninuil  to  >.wini  atxiut  both 
actively  and  gnircfully.  M  tiiTH's  it  may  also  l>e  s^'cn  to 
caxt  olT  from  in  sit  in  thin  transparent  shreds  of  cuticle,— a 

Iproce-u  whii-h.  in  natural  conditions,  UMially  occuts  .-iftcr  a 
ii-avy  mr.il,  when  ihc  uninul  at  if  in  indiKci^ion  spasmodi- 
cntly  Lx>ntracl»  its  inxly,  or  nths  itself  on  the  stems  of  water 
|)lanti.  Nuntcfous  eggs  are  laid  together  in  cocoons  in  the 
in|i  earth  near  the  edge  of  tlic  pool.    'I'hence  after  a 
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direct  clevdopmcnt,  young  leeches  emerge  and  make  for 
the  water. 

Etttrital  FiiilH'ti. — The  leech  uiiuUy  mcoMirn  from  two  lo  lix 
ilicha  in  IctiKtH,  luixl  iippcani  cj'hnilriail  ui  Mrnp-like.  onoflini;  In  iis 
Matcof  C'liiIiHCllun.  The  tliiiiy  twdy  thowsoifi  t.  humlrfil  "ikln  rinj^i. 
il>  ilortal  s^itfncc  i«  tieaitli fully  lnark«<l  with  timgilinliiial  giigmciilcil 
tnndt,  while  Ihe  ventral  lurbK  i*  mollliil  itti^ulntly ;  the  nucluiinl 
mouth  ii  mulily  iluiLn(^lshccl  fioni  the  uiiperl<>iatcil  hintl  Hickn,  above 
irhkh  on  the  ilonul  tiitfacc  Ihc  illmeitlBry  ntnal  mny  l)c  locn  to  end. 

It  U,  himevvi.  nceouAiY  lo  cnnkiiler  llic  ntci nal  rhatucteri  in  ciealel 
ileuil.  As  aJtcoily  notcif,  ihe  ringi  of  the  )>nily  &ir  nicrtly  ^upcrficbl 
wrinkUn:  il  is  thricrore  mil  ililRciill  lu  tnliw  llml  Ihi'ie  niiiy  lie  diwbl 
ta  to  theii  EKitf t  limiit.  anil  ihat  the  a|>]xiient  numbvi  mny  diBei  Bccard- 
ma  0*  they  are  counted  btm  the  dorul  or  vcniial  tutfaca  Accotdinr 
loAVhlUnan'ft  prtelsic  inTe«lplli>tii>.  loi  <Wa  ringi  in  all  ire  icproeniefr 
snit  Ihotc  iv>rm|iond  la  16  u»<illct  oi  liiir  u^mcnliL  These  usnienit 
nuiy  he  trencniHil  cvtenially  1^<i}npipioi'iin  j>ii;meni  *[kiI»("  irK'n''ii!i1 
papill«").  which  in  the  miildle  ief;ion  uf  the  body  occur  on  every  fifth 
rilW'  In  type,  ihrfcforc.  live  ringi  curteinond  to  n  se^cnl.  Iiut  nt 
either  end  iif  the  IxHly  the  niimlicr  iif  'mgi  iii  n1>lirolate<l.  In  the  howt 
ti^ioo  i,  yaxt  of  "  eye* '"  w:i:iiii<  ■«  cieh  of  the  Ikl,  inil.  Jtd,  Jlh,  and 
Hlh  lioi;*  :  Ihete  are  faoniolufiuus  wilb  "M^menliil  p»|>i1l<i;,"  iiiiil  Ihi'rt^ 
fore  in  Ihii  legion  eight  ringi  cDtmponil  lo  fire  wj'inenlv 

Careful  einminaiion  of  the  surface  <A  the  Wt  will  ihow  further,  the 
swollen  proirukion  of  the  male  oi|E!ini>  on  the  middle  ventral  line  lietwecn 
rinn  30  and  ji<  the  niictture  of  the  fcmnlc  iiruan«  five  iln|[t  further 
Inck,  and  abo  on  the  veiiiml  xiLrfai-c  'Kvenlern  {sirs  of  (mall  latcrtJ 
aperture*,  throiiuh  which  a  whitith  lliii'i  may  lie  vpieererl — (he  apertuiet 
ca  the  neretniy  otgixn.  The  tkin  of  tef^menli  f)  II  n  cn|ii^d.llly 
gluidular.  And  turnu  the  to-cotlcd  ctilellum  or  uddle,  ihe  Kcrellon  of 
which  fomu  ihc  coooan  for  the  qcgt. 

The  Skin. 

The  skin  U  so  closely  connected  with  the  connective  and 
miuculur  tissue  lyin);  beneath  that  tittle  can  lie  seen  of  its 
structure  except  in  sections.  Most  externally  lies  the  cuticle 
— a  product  of  the  epidermis— periodically  shed  as  wc  have 
already  noticed.  In  this  shedding  some  of  the  genuine 
epidermis  isells  arc  also  thrown  off.  These  are  somewhat 
hammer-like  units  with  the  heads  turned  outw.irds,  while  the 
spacer  between  the  thick  hiindlct  i;i)iilain  pigment  and  the 
fine  hranihes  of  bhiod  vessels.  As  the  laltct  come  very 
near  the  suff.ice  a  respiratory  absorption  of  oxygen  and  out- 
ward passage  of  carbonic  acid  is  readily  effected.  Opening 
between  Ihe  epidertnal  elements,  but  really  situated  much 
decjicr,  are  numerous  long  necked.  Bask  sba|>cd  glandular 
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cells,  thv  contents  of  whkh  fonn  the  mucus  so  abtindant  on 
ihc  skin.  Underneath  the  epidermis  there  is  much  con- 
nective tissue,  and  not  a  little  pigment,  yellow  and  green. 
bTowii  and  black  in  colour. 

Tht  Muuular  Sytttm, 

The  muscular  system   consists  of  spindle  shafted  cells 
amnged  cxtcmallj'  in  circular  bands  like  the  hoops  of  a 
Itarrel,  inteninlly  in  longitudinal  strands  like  staves.    Iksides  i 
these  there  are  numerous  muscto  bundles  runtiin};  dia^uUji 
through  the  body,  or  from  dorsal  to  ventral  suiface, 
tbcTV  are  other  muscles  associated  with  the  lips,  tooth  | 
and  pharynx. 

The  Body  Cavity. 

The  body  cavity  is  nimost  <|uitc  ot>litenit«l  in  the  adult 
leech,  where  the  predominant  connective  tissue  has  filled  up 
nearly  every  chink  aitd  crevice.  It  is  to  be  seen  in  the 
embryo,  and  its  remnants  nvay  be  detected  here  and  there 
in  the  adulL  The  virtual  absence  oi  (he  body  cavity,  and 
the  spong)-  com[iactnc*'^  of  the  whole  animal,  nuke  the 
leech  a  tedious  subject  lo  dissect. 

Xervaus  Sytttm. 
,Tbc  nervous  system  mainly  cimsists  of  a  pair  of  dor 
_  glia  lying  aliove  the  pharynx,  and  of  a  doulrie  nerve  cordi 
with  iH'cntV'lhree  ganglia  lying  along  the  middle  ventral  line. 
The  dorttl  (or  su|>ra  letophaj^l)  gAnttlta  are  cunTiected  with 
tlK-  most  anterior  (nr  uilxMOptwgeal)  [nir  on  the  vcniral 
chain,  liy  a  narrow  ncrrc  trtng  sunxMinding  the  Ix-ginning  of 
tl>C  gut.  Ftom  the  dorfia)  ccntrvs  nerves  proceed  to  iho 
" cycii "  and  antenur  sense  spot^  front  the  central  centres 
tlic  ficncml  iKidy  is  innenaitrd,  and  from  the  lieginning  of 
(Itc  ventral  chain  special  nerves  supply  the  alimcntar)'  canal, 
fonnitif:  wlut  IS  cjillud  a  visceral  sjrUem. 

7^  Semu  Organs. 

irH   ij  Ihc   Irri-li    air   lifli   «"rtilktl    "tryvsT  t-ntltB 
1 1  utually  •viiiirini;  mi  every  fiAh  Am  rinc.     Tbf 

r  i.tr-l  ?!>!■   n^jr  III  Ihe  m-iilh.  «ik1  look  like  link 

iTiaitcKi  ■)•<  t-    '  <<  lie  ikfenile  cum, 

:ir  wiih  tiU  I.  >nJ  roalalninit 

■>i'Nn(;ij'  ifrfUTiPf  ffni.  t%fh  in  ^^iimn-ii-Ki   mnh  *  fttvt  of  ihip 

iwrn-. 


The  M-r... 
tiiiiurf"- 


STKOCTUJIE  Of  THE  LS.ECU. 


ai7 


li  h>*  hrcn  Uiowa  (ViTiitinl  iluu  tbe  «7t>  «f  leedm  wc  ttfUly 
kusolijcuin  wiih  \\tt  yegfntBlaX  teiwt  ucpat.  Al  tlw  o>i«  ntranc  ihcfc 
uc  pwcljr  ucilk  cneun,  at  iJk  (Ahn  cxuntc  iben  arc  putclj'  Timal 
oiCMn,  and  bnwccn  Ihor  Ihcn  mt  nwpaaml  khc  ixpiit,  la  )■'< 
tadOi:  *ihI  in  ]»>1  li— 1  >  Mrria  which  ■»  ftilt  of  WMewU'iciw  !■ 
npuil  lo  the  CToliUHM)  of  >cnK  Ji)pui>  trC  Wte  arna  ofwtMitiTt  *m« 
M  Ihc  aajrfah.     Tbc  nHMJ  (Kpun  of  the  lc«ch  iro  not  atib:  to  bna 


FM1>  7&— Tiwirrcne  Kdjan  of  Lvccb.     <Slm[rflfail  fnoi 
A.  G.  BoVKHI.) 


■«•«  t»]  l-l;  ri  ■»*■■  |ivt  «f  oop.  «iih  U«nl  pndHuf^l; 

t.,  »•■■ :  /..  M|*ndiJ  Imh)  1  K</..  «H  UbHH. 

JBtMiM  of  eUcnkl  ntfKia,  twi  ibe  Miiaial*  •»  minukclj  •OMatirc  lo 
alleralloMCifUcht. 

731*  AUmt»tawy  Syttem. 

When  ihc  tccch  has  Tinnly  futenrd  lUctf  to  iu  pirr  by 
Ihc  hind  sucker,  it  brfaigi  its  siukuIv  mouth  into  action, 
pfrdung  the  lipt  t%htl)r  on  ibe  skin,  and  protruding  ibm 
chttinous  loatlt  pblet  which  lie  within.      Kach  oi  ibcte 
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tooth  plates  is  worked  t>y  muscleit,  and  is  like  a  semt- 
cjrmlar  saw,  for  the  edge  Iwnn  fmin  60  to  100  small 
te>.-th.  Rapidly  these  !aws  cut  a  ttinni^ut.ir  wound,  ifhencv 
the  flowing  blood  is  sucked  into  (he  mouth  by  ihc 
tnii»:u1nr  pharynx.  The  process  may  be  observed  and  felt 
by  allowing'  a  Imngry  Icecli  to  fasten  on  your  arm.  As  the 
blood  passes  down  the  ph.iryr^x,  it  i^  influenced  by  the  secre- 
tion of  salivary  cells  whidi  lie  among  the  muscles,  and  exude 
a  ferment  wliich  j>tcvents  the  ti.sual  clotting.  'Hie  blood 
greedily  sucked  in  gradually  fills  the  next  region  of  the  gut 
— the  crop— which  bears  on  each  side  eleven  storing  pockets. 
These  become  wider  and  mora  capacious  towards  the  hind 
end,  the  lar)-cst  teriuiruil  pair  forniiit);  two  great  sacs  on  each 
side  oJ'  the  cuin]>aratively  rtarrow  posterior  pan  of  the  mit. 
As  all  the  ricicket.s  i>oint  more  or  less  liackwards,  it  is  evident 
why  a  leech  to  Ik  cmpiiud  of  the  l>lood  which  it  has  sucked 
must  be  pressed  from  behind  forwards.  '11k  pockets  filled, 
thv  leech  drops  uflT  its  victim,  seeks  to  retire  into  more 
private  life,  and  digests  at  leisure.  ITie  digL-ition  docs  not 
take  place  in  the  [)ocket»,  but  in  a  small  area  just  almve  tl»e 
begiiminfl;  of  the  terminal  part  or  rixlum.  This  rectum, 
running  between  the  two  last  pockets,  is  se|>arablc  from  tltc 
true  stomach  just  mentioned  by  a  closing  or  sphincter 
muscle.     It  ends  in  a  dorsal  anus  above  the  hind  sucker. 


Tkt  Vascular  Svilem. 


\  The  vaM:ular  system  consists  of  four  main  vessels  runnirt); 

^^  longitudinally,  oih'  above  the  {(ut,  one  round  aliout  and 

^^h  otwcuring  the  nerve  cord,  and  one  on  each  side  of  the  body. 

^^B  'Itiesc  arc  all  connected  with  one  another  by  looping  vessels, 

^H  and  all  i^ive  off  numerous  brarurhes  which  riddle  the  spongy 

^H  Imdy.     Wte  mam  side  vessels  are  most  dtstir>ci,  are  con- 

^f  tracide  throughout,  and  fpve  off  to  the  .ikin.  gut,  and  excre> 

^^  tory  org.ins,  a  ri<'h  supply  of  branches.     'Ilic  dorsal  and 

%  ventral    vcs^tcls,    though    i|iii(e   distinct,   are   less    detinite, 

^^L  being  rather  blood  s|>iicc»  than  wdl-formed  vessels.     That 

^H  the  lateral  vewwl*  do  most  of  llic  work   of  circulation  is 

^H  certain,  but  the  prccbe  counc  of  tJic  blood  is  not  salt»- 

^H  bclorily  known.     The  Mood  itsdf  b  a  red  fluid  with  floating 

V  colourless  cells  divenw  in  form. 
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TV  Extrttory  System. 

Thtf  rxcTCtory  system  inclutltK  seventeen  pairs  of  excretory 
(ultuti-n  or  nq^hridia,  opening  U(c;rally 
on  the  ventral  surface,  ending  blindly 
within  the  body,  but  extracting  waste 
produeu  from  il)e  blood  vessels  which 
cover  their  wulls.  F^ich  consisLs  of  two 
jnrUi,  a  twiKled  horse  shoe  shaped 
glandular  region  where  (he  ncluni  ex- 
cretory Ciinccion  is  discharged,  and  a 
spherical .  internally  d listed  bladder 
opening  to  the  exterior.  Wtihin  the 
latter  there  is  a  whitisli  fluid  in  which 
microscopic  examination  tliovn  numer- 
oui  waste  cryttalK.  The  nei>hridia 
secrete  a  clear  fluid  whirh  helps  to 
keep  the  skin  moist,  and  thus  makes 
respiratory  dilTuston  easier. 

Tfte  Re[<rodHelive  Sy^ttm. 

The  leech,  like  many  other  Inverte- 
brates, is  lierm aphrodite,  containing 
both  male  and  female  reproductive 
organs.  The  essential  male  or^ns  or 
testes  are  clifTuse,  being  represented  by 
nine  pairs,  lying  on  each  side  of  the 
nerve  cord  in  the  middle  region  of  the 
body.  Each  is  3  firm  globular  body, 
wi[hin  which  mother  sperm  celb  divide 
into  balls  of  sperms.    The  S|>crrmnt 01:0a 

Ess  from  each  testis  by  n  short  cnnal 
iding  into  a  wavy  longitudinal  vas 
deferens.  This  duct  followed  towards 
the  head  forms  a  coil  (socailcd  seminal 
vesicle)  as  it  approaches  the  ejaculatory 
organ  or  penis.  From  the  coil  on  each 
side  the  sperms  [tniis  into  a  swollen  sac 
at  the  baic  of  the  penis,  where  by  the 
VHcid  secretion  of  special  ("  prostate  ")  gbnds,  they  are  glued 
logeiber  into  packets  or  spermatophoies.     These  pass  up 


P-^a:; 


Plit.71.— DisHKiion 
of  Lcwh. 

rf.f  Kwttt  nuj;  wuHil 
tcufiMAl     kniffc  ^      «r. . 

;Msn  or,  \T'irrit]  np^v 
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ihc  narrow  canal  of  ihc  miisnilar  penis,  paw  out  on  the 
middle  ventral  line  between  rings  thirty  and  ihirly-onc,  and 
arc  tiaii&rcrred  in  copulation  to  the  female  duct  of  another 
leech. 

The  ft-nialc  organ§  arc  more  comiiact.  The  two  $m.-i[]| 
tubular  jnd  coiled  ovaries  are  enclosed  in  a  spherical  vesicle, 
the  walls  of  which  arc  crtntinued  as  two  oviducts  which  unite 
toyciher  in  a  convoluntl  common  duel.  This  is  surrounded 
by  a  iiu.1%  of  (glandular  cells,  whioli  exude  a  {;lairy  fluid  itiio  | 
the  duel,  l-'inall}',  llie  duet  o|ii;ns  into  a  relatively  large 
muscular  sac-  the  "uterus,"  which  opciiK  through  a  sphincter 
muscle  on  the  middle  vcnual  line  between  rings  thirty-five 
and  thirty-six. 

The  favourite  breeding  time  is  in  spring  Two  leeches 
fertilise  one  another,  uniting;  in  rci-erse  positions  so  that  Ihc 
penis  of  each  enters  Ihe  uterus  of  (he  other.  S]>ernmt()ph(ircs 
nre  ptused  from  one  to  the  other,  and  the  contained  stiecms 
may  remain  for  a  long  time  within  the  utcru.*,  or,  llhenkted 
from  their  jackets,  may  work  their  way  up  the  female  duct, 
meetini;  the  eggs  at  some  point,  or  reaching  Ihein  even  in 
the  ovaries. 

The  development  has  been  mo«l  c-iitefully  w<trked  out  for 
the  little  Ictich  Clepune,  and  we  shall  follow  ii  iheic. 

Devthpmtnt  of  CItpsint. 

The rGC>MclHi>I!iiwuirt,aii(I»urtuun(lcil  liyw tm'iu.ii  ;  ilicyareUije, 
■Dfl  crintam  much  food  yiilk. 

Cloaragc  ii  oooiplcle  but  untquil.  At  Ihc  four  cril  ^li■|;l^  ilirrc  ai« 
llirvc  (ub'«c|ua1  imnller  cells  and  one  laigct  |x»UTiur  cell.  wliUh  nuiks 
ihc  fiilnre  hind  cod  of  Ihc  iHMly.  Tiom  cncli  ai  ihctc  cclli  *  mull  cell 
it  cul  rM.  am!  In  ihU  wny  fuur  inacrointm  nod  tout  nucionicra  are 
|irndiic«<t.  The  iiuiii1«t  of  iiiicronicrrt  in  oonlinu.illy  Incrr-wol  )iy  the 
«pll(ltii|;  off  uf  rcIU  frcon  (In-  nmrronirm.  wi  ihiil  i  ititc  u(  hmxil  edit  li 
formed.  K\<c|>l  fut  llii*  cxmlinutil  kiilillin([  olT  of  unull  eelK  ihrce 
of  ihi;  f.iut  maciomem  remain  |in»in;  Vui  a  ctoiiidciublc  jicritxl  \  they 
foniiin  iiiiKi  ofilie  Ibix]  yolk,  nnil  tcrveumervnirsofnulcimenl.  The 
ulhcc.  0(  (Ksleritii.  niiici'inieie  ilividei  inio  Iwi  cell»  of  iiiiw|iial  ats.  (he 
Inrnrf  snctiliiy  at;j>in  itivida  inlu  twn  (icimilivi-  nicwrblMls  the  smillcr 
diviilei  xfAO  ci|;1ll  •ymmcliicalty  uTTiinfrd  rclli.  I)ir  iicuii»i\<pliioMiulik 
Al  IhU  lime  five  iiiicici  ^ipiieai  in  the  nlhii  ihrti-  miiciiHiien»  (fnln. 
litiLid)  wilhoul  nny  <i)rmi»jiidinK  l'r<":c«  of  tvll  iliviiinn,  ihc»c  siiifuiind 
IhemwlTct  with  liroloplum.  anil  furni  ihc  miloilcrm  «ll>  lining  the  i;iil. 
The  diMof  inmllccllvisnow  tprcadingovcrlhourfjKeof  ihcentaliluii, 
ovci  the  neiuo-itephrutilMls.  luul  ov«r  ih*  prinulivc  mctobhixlt,  uhich 
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l»Tc  •iiiiV  i>ll|;1iily  inwftrOH.  The  •iiiiill  edit  mc  eclodrnnk,  ihej  CMi- 
tfiUitc  10  ihr  (ociiiiilion  u[  llir  viiiik-iinii,  nnil  ii|}parenlly  foim  mlM  iho 
rciixlrim  of  I  he  hrad  ii<(^on.  The  ccioilErTnii:  iirucium  of  ihe  bodv.  on 
llie  oihcr  hanil,  nrc  roiiiKc]  liy  ihc  eight  ncutD-ncjihiolilaiU.  Tno«> 
lugvlhcf  ulth  ihf  l»n  mciolilaili  undtilyine  ihcm.  uiidcrico  nonlinuoiu 
ilivii-i'iii  in  a  foioiu'l  ilitoruon.  and  <rfi  |>in>uire  lon{;  i»wi  of  celli — Ihe 
cen»  l«ndt.  The  lua  i^ytm  \miiW  aic  Kiilvly  ■•r|unile>1  liii*(cli'i>l)r. 
Ml  conimrncT  I<i  unlic  imtctmil)'.  ihr  uni'iii  Inivvllmi*  tnckwinl.  A* 
ibc  neui'i-i»-|>hml>1it>tt  nmil  he  iei;niileul  iu  CL'lrKtvtiiiic  in  otigiii.  irc 
tec  ihu  tlic  »[jicailine  uf  (he  niiccuinemoiveT  th«  lutrim  uf  the  cQ^and 
■he  union  of  the  gcim  luncls,  coniiiiule  logclhei  the  clclnycil  cpitnlic 
KiutruIauMi. 

F-Mh  germ  lanil  contiiK  nf  three  h>ycni.6nl  a  thin  cpldertittc  Mniluni, 
ihrti  ihe  Ikyer  of  ihe  iicocD-nriihroliliutt.  and  linaTly  the  mntodernilc 
layrr.  UCthe  nviitorviihtnliViis  Ihe  innei  Ih>o  Ibrni  Ihc (vninl  nfivs 
cKtin.  Ihe  nnt  !»■>  tin  eilhci  title  the  neptiriilu.  white  the  Tale  of  Ihe 
nuiet  on  each  ti'le  i.i  unknown.  The  mcBaUiut  towi  give  rise  lo  the 
mcKxlcim.lhegui  ii  fuimed  |jy  the  cnlohlulv  tnd  uianlciiarecladcrmic 
litTBglnalJon  fornu  Ihc  phoryni.  Ai  iliii>  uaf^v  Ihc  enibn™  tai'c  the 
eocoan  and  aiMieh  thenucivn  to  ihe  itiiii;)!  iiiirbicc  nf  ihc  mother. 
A  lilllc  lalrr  ihc  form  at  the  I'oly  liec»tiu>  npF>raKitiu.lcd  to  th»I 
(it  the  aulull,  and  an  anui  a  fortneil  by  Ihe  ruuon  tS  eclodenn  nml 
cfidixlenn. 

The  tnosl  inlcfoling  |ioinl  about  Ihix  (tcvclnpmcnl  i:^  tlml,  *llhm;eh 
the  nieihiat  «f  jcahtniluiion  dilSen  oidciy  fioni  that  of  iMuihriiui,  the 
hntory  ol  Ihc  ii^nii  Imnil*  >.h{iw«  very  nuukeil  ic":iiili1nncc*  in  the  two 
fiNint.  ll  mi  luctlly  Ir  ihM  these  trirmblitiiri:s  aie  due  lo  idnplulioni 
w  ihal  we  miul  coniider  thni  dei'elopmeill  eonfiinu  the  vJevr  whieh  ii 
oiherwiic  |itofatblt^  thni  the  leechc*  ire  Iftte  Annelida.  In  Cltfiitu  the 
ogbl  ncuiu-nephrobliulh  arc  not,  ns  in  /.uiitrUHi,  obvinuiilyceladerntic 
In  oriliin.  bill  die  eaily  covercil  (ivei  by  the  ecloilermic  micrnmcro^ 
Both  Biuilogy  and  the  futuie  erninic  of  ilevclnjiinent,  hoHWcc.  |n«>-cthai 
tiic)-  iln,  nei'eithelc^  >'>rli>iig  lo  Ihc  nulci  layer.nnd  thni  their  jiMitian  U 
<lue  to  a  hoiteaini*  of  eveiiii. 

ChtsifidxIutH.  ■ 

I.  HhycholiilelliiU-,  in  whieh  llic  fine  |»(l  cif  the  phiirytix  ea.n  l« 
prutrudLii  la  a  pojlHxcit.  There  in  an  nnterim  *b  well  u 
a  potleriof  lackef.  The  Umd  pluma  it  colourloa.  The  ova 
are  liisc  iinil  rich  in  yoK  i  ihe  emliiyiM  arc  hauhcd  at  an 
a<linincnl  klage,  anil  toon  leave  Ihe  coconn,  whldi  oontatiui  no 
allniiTiinoiii  lluid. 

r^.,  C/f/tn'itf,  /\<iilak/f//ii.  Hrim/lUliuH. 

Oi  Gnaiholidellida-,  in  uhich  Ihere  i«  no  inolicDciti.  but  Ihe  plmiynn 
uiually  lieari  three  lootli  [>lniPL  The  mouth  i«  Hietoriul.  The 
blood  pbima  'a  reil.  The  r,va  ore  tmall  and  wiihoul  much  yolk ; 
the  cmlii^oi  aie  halchcit  Jl  an  culy  ila)^,  and  iBini  alniil  in  the 
nuliilive  u1bumln<iii>  fluid  of  the  cocnon. 
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Afpendix  (I)  f«  JiHttl.^  Stria. 

Class  Cha;t<x;naiha,     Arrow  Worms. 

Then;  ate  (wo  Utile  mating  '■  womu."  S^gitta  utA  Sf*fff/it,  which 
■re  lo  •liflcrFDl  fiom  a!l  olhcn.  tllnl  Ihvy  Iirvc  iKcn  pixxd  in  a  clau  I7 
Ihciiuelvei.  It  i*  paaniblc  to  rc)[anl  ihcm  a*  Annellilii  with  llitoc 
KcmcntK, 

The  Irantluccnl  liwly,  which  li  aJxMit  on  inch  iong,  has  tbrcr  ilinlincl 
nxiuiu. — n  had  boring  a  veiUnl  mmiih  with  iqnnet  uiil  hmiln 
(whence  the  name  Ciucto|[ii<uh>],  ■  mcHtui  Ksion  with  lalpraJ  lini.  euiiI 
a  tiow«l-likc  tail. 

The  nctvDiit  ivMem  contUlt  of  n  iu[V!i-m-Li|iluiecnl  ganglion  In  Ihc 
hnul,  H  tiili-irsiiphagctil  alxiul  the  mi'lillr  iif  thr  IkhT)'.  Iuiii;  •riimniiv-irm 
bctwcrn  Ihcm.  ami  iiuiKi'icint  iicrvn  (I'lni  Iwlh.  There  iirr  two  cjfwoii'l 
tiuidlit jwlchn  of  unwiivc  cclit. 

The  food  cuul  is  compUw  aod  simple ;  ii  lin  in  t  ipacious  ciliaiccl 
twdy  carii)',  which  orim  in  Ihc  cmhiyaM  two  pockct!(((yolonic  ]»uchct) 
fiom  the  pcimilivc  gul  cuvily  or  aichcnleion.  Cnr>n|Hiiii1ing  10  Ihe 
external  iliiidont.  the  civilics  of  hnul,  Vmly  aiirl  tail  aic  •liMinct. 


.i'^.^.'^V., 


^i^^. 


Eh 

it 

ViG.  II. -DevvlopmcDtof^iV'//a[afl«rO.  IlKUrwKi), 
illiMlnilini;  (nrmntion  iif  a  tioily  cavity  liy  iiocketK  from  Ihc 
atchcDlCrtiH.aiuliiiily  n;|>aralioiniffi-|iri>.Iurlivci:clli(A'.l. 

Hvx   celU;   I/-,  tilmopur*:  tf..  OElome   mucIio;    m.,   nuMiiti  I 

I.  itdimK^i^auruU;  >uh]  j-  ocigin  of  ontbnic  piHictieB- 

ThttO  i*  nil  i-Vieular  kyatcm,  iioi  are  there  any  certain  ncphiiilm.  Il 
it  poitJhU  llinl  Ihc  lillct  (nay  Ixt  repm^iitcil  by  (he  KCiiiul  ilurt*. 

The  animaK  are  hetmaphioditcv  anil  Ihc  limgilc  repwtuii  ivi*  i>i^n« 
lie  near  one  anuiher  pcotcriorly.  The  two  uvarm  piujecl  iniii  the  Imly 
caiily.  and  their  diicli  open  laicrnlly  whcie  liudy  nii<l  liil  incci.  The 
I  wo  I  diet  project  into  the  cavity  of  the  tail ;  and  their  duclilinvc  intcrnni 
ciliAtnl  futMicis  anil  U|>en  on  the  tall.  It  ki  intcrctting  to  know  that 
two  repro<lui.-livc  i-cllk  .ire  icl  «|«iil  iil  a  ir-iy  Cftily  «lat;e,  and  (hut  each 
diiidci  into  the  nicliinenl  of  an  'ivaiy  and  iif  n  IMih 

The  ilcvdopcnenl  it  vay  regular.  The  C|pp  iimicup'  omiileic  wu' 
mentation  i  a  gutnik  U  formcil  by  the  iniaginnii-in  oE  a  hollow  Kill  uf 
oelli:  ibebody  mvityariaainlhcronn  of  inro  pockcbfrom  ihegaiiltula 
cavity  01  ankenleron. 


KOTATOaiA. 


^n 


Apftntiiit  (ll  ti  Anm/id  Strili. 
CbsK    KOIATOKIA.        RoUfcTS. 

RolircnnrcliRtulirul  minute  aniiiuJt,aI)UDd«lil  in  ffcth  water,  xlto  (ounil 
In  'Inrap  miKsinil  iii  tlirm.  They  owr ihcit  lumtunil  ihc oM'^uhiunnl 
tilk  i.f  "hcvl  ammiiltiili-i  to  tlitf  (net  thai  (lie  mpii!  ii«iiTmcnl»  of  cilai 
on  I  licit  nmctior  enil  (irodocc  ih«  A|)ptaiNncc  of  a  nilnluiK  wheel.  Thu 
food  Mxms  to  coniiit  of  tmall  orgaaiims  Ani3  paitirin  rii>)()ii  In  the 
whirlpool  mnJc  liv  the  Inihing  cilio,.  The  llitlc  nnimnli  otc  icnaciousof 
life,  anil  c«n  •uitK'c  pioluni^  ilroutiht.  If  Ihcjr  «rc  left  cin  fur  lone, 
howcvn,  Ihvy  tlir,  (liDuKh  the  ova  iimy  ujnrive  and  muequcnily 
Hi-vrlop. 

I'lic  body  it  iiuially  micnMcupie,  anil  ii  Hjmctiinn  {r-x--  't>  Mfl'ttrla 
anil  Fte%im-aria\  ilivlieTeil  within  ati  eiiemal  tutw.  Tlivtci*  iii>inlmuil 
>r|[inelU*tion,  but  thcit  arc  «imeliniei  eilctnnl  ringi.  anJ  a  venttnl  oul- 
0owih  ot  '■  fool "  i(  tomeiimo  bcgmL-ntod.  The  anterior  end  Itii*.  on 
«  teliMlite  ililgr,  ihi-  liliAIeii  nii|;  i>r  **ltiichal  i|i]iHraltU." 

I'lie  nerviitih  ^y^irni  \\  -x  vin^le  tlm^jl  ]*Lin)*hcin  with  a  few  nefvea.  An 
iiniMitcil  i-jr  iciii  went'  l<lfl^  uf  u'nwty  liain  are  utually  jitcwnt. 

The  fixirt  ennal  extendi  along  the  bodj'  in  a  wellilcvrlopeil  erclDme, 
and  the  foie  gut  conlaiiu  a  mill  in  whicb  tvn  comptci  hanimer*  bo( 
upon  *n  jnviT.  The  ctinal  cml*  |ias.ti-rii)ilv  on  the  clonal  sutfocc  between 
the  Vioil}  luiil  ihc  foot.  »nil  :u  the  Irrminiit  |iO[ti«n  al«>  receive*  the 
rxf-rctory  ir^nnnlx  ami  tbe  iividnrl,  it  is  ctllcr)  a  cloncL 

Tbete  i>>  no  vnitulm  ij-ilt-m.  but  n  nephri'liat  lube  of  ii  ptimitise  tjrpe 
lic-1  'in  each  liJe  of  llie  bodf .  unil  opcni  jioiteriorlf  into  the  cloaou 

The  Kxci  me  tcpiraic  J  the  reproductive  oripni  are  nitnpte.  E»ccp1 
in  the  Quirine  jiaruiic  Stiitn  and  two  other  fbrmt.  the  nuda  are  dwarfed 
and  dc^ienentc.  dotiiute  even  of  a  true  fowl  eaiial.  lit  niany  otKs  al 
Icai^t.  unanX  mili-'n  (eirccied  tiya  prniilM-eiui  lobe  ineSrci ivc. Mid  there 
it  oo  doubt  that  moiiy.  if  ncit  moti,  Rotifvn  nre  iMithenogenetie-  The 
frouln  lay  three  iliflrreni  kindi  of  <VS'^  ifeoriline  to  theit  cfin<lition& 
and  ccoiiilnlion  -eiihci  imoJl  ova,  wmch  become  males  or  thin  ^helled 
"flinimef  ora.'  or  thick  shelled  "rotlng  ot  wiiuct  ova,"  (he  iwv  lut 
dcvclopinfr  Into  fcnulis.  Muijr  tpeclis.  howeret.  ate  Tivlparoiu.  \Vc 
Ineliulethe  kuiiCnii  Imlilc  the  Annelid-'  [itoiiet.  hei:3U>>c  it  MenwiNNillile 

I li>  )c|:xtil  thcin  at  ilctite'l  ftuin  diicrtlors  tomcuhat  like  Annelid  Iw*. 

^^L  Kolifen  living  in  fixeil  lubci  or  envelopes— .l/ir/nwVd,  Fkitularia, 

^^H  t'rcc  RotiUn.'-A'Mimmata.  Jfydalimt,  llrackioHui. 

^^H  p4iiuiiic  on  the  fnailne  Ciuttaeean  JVti^^!.i,^.\rii<tH. 

^^V  PeJaiun  oea^Ks  a  unliiue  pMilion  ;   it  has  hinti  of  a|i|X'iidiit^  and 

W  a  peculiai  Juin|itng  tnoiion. 


(viuall)'  huirla  udi't,  Init  iitauaibly  ie|;nrded  ai  b  ipcdolited  Trocho- 
tphtte.  it  the  gtom  DimphilMi,  with  the  naiuie  of  uliich  ailranced 
iiudeM*  iboiiM  make  iheraKlvct  actjujiintcd. 

At  (hi*  lUCe  I  tnuir  aba  inemian  that  ihtn'  are  aevenl  wci  of  Mnall 
wium-likc  aoimak  irf  •i'hleh_we  know  *ety  little.     Il  h  quite  poMible 
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ihKt  tome  of  ihem  nuiy  l«c«me  of  emit  micreU  la  ilic  tinlcmnlic 
rootneuil.  but  wc  •!(■  not  yt\  umk-rMnnJ  ulrnl  pUrci>  in  llir  «ytlcni  ihcy 
tJioalil  iirruiiy.  Moiunvcr.  u  ihvy  nrc  tinnlJ.  imdiiiiilini.  niicl  tiiikiiown 
lu  iny«cir>  I  »hnll  Hiii|ilir  refer  \S\t  oirioMn  in  wlwi  iimif  cniigik'k-  wmlu 
rajr  alMiit  Ilic  Uiutcroirichii.  EchiixKlfridn:,  IViiiukuImiiIii;.  ami 
OiittiHomiilic. 


Afftniii  (3)  «  AnatUit  Sirirs. 
Class  StPUNCULOiDEA,  fj'.,  SifMnoi/uf. 

Mirine  worms  uiinllr  living  in  Ihv  xuul.  Th«  budy  it  clongnicil  and 
»pp«Tetilly  umcgnicnicil.  The  oml  or  anterior  rqpon  on  It  in»iiKinM<Tl 
by  vpccini  miuclci.  There  are  no  «tai  They  nte  mniehmci,  Inil 
pcrhapk  erroneouUy.  placcil  Imiile  I'^litiiiiiLe  k>  ( ;,-|)hyr(-ft  j\<h:iia.  The 
iienoin  hj'hiem  fonKisli.  of  m\  irw>|i!i!ii;eul  ring,  snrl  3.  nierlian  oentnil 
iir:i<  colli,  which    ahuwt  sli|;hl    hinli  of  sc{^«uliiiion.     There  is  a 


SrruiwuLinA 


Tbo  viui  U  dnjF^f  and  aiiierior^  And 
l)>*fa«)  fAiiAl  i\  iit'bnily  in  it  «pii»]  t  lh« 
nvoulh  H  burruuEKled  hy  tcnlcb-'ln'  Tllvrr 
ift  n  dkj4mJ  taAculat  «7«tein,  villi  WaikIia 
»Nf  lilt  Uikia^l^. 

An  ■ntprlur  pAJr  of  ftppTiridin  Mrve  ai^ 
m  fffliiilal  diii:t«.  nmc^lrg  iU«  npro- 
ijiKllv<f  ciIK  tnm  thf  txaly  (*v|iy.  The 
t  An  wiHimtc 


PlUrVLIDJK 


The  sHmtniifcij  Alul  i*  unil^I  or 
tlichrly  )ih>i»d.  wmI  iht  «nxi4  k  ^lurwl 
mia  (UblrriDr.     'Hkh  (rt  lio  IfniadHd 

Tharr  i*  no  VAviiUr  Byaiem- 

ti<^  rtnl*r^kJf  fi?phii<tlA,  bill  A  pftir  of 
lubo  ujxn  tiod'le  ih«  nnuK  and  trc  hoiJ 
U  h«  c«r4iD/y  in  ih«  t^ounit,  ^fffiiul  in 
diF  kdiill.     Itjt  HKCf  «f*  tt|wl*lt> 

K«junpl*»—  rv9^tul9%- 
llthi'yfim: 


AffeniUx  [4)  /<•  AmitUil  Stria. 

Under  the  olil  term  Molluicoiitea  nro  sometiniw  inchuleil  the  ihr«e 
clowo—  I'horonoidca,  Polyxn  or  Urj'oriKi.  nntl  Biochinpodi.  i'laf. 
L«n|[  include*  them  ulong  with  Sipunculoidc  in  the  pTuiiklonal  |;''"'P 
Protopyeti. 

The  Molliiicoiilen  ue  chBricleriKd  hy  Ihe  ptcu-iicc  of  11  Iciir  ctrloiiie, 
fanned  in  deielopmenl  hy  the  (nliling  alT  of  |i«uch«  from  the 
•rchcntctnn,  And  bf  the  ihortenin^  of  the  dnruil  iq^un  of  the  bodr> 
wliirh  (rtulll  fo  tnc  clo*c  «|^raxlmBlion  of  niinilh  nnd  onui.  The 
nimilh  is  lypiatHKtolbhed  Wllb  eiliale.l  lentnclvs  and  ii  oflen  over- 
hun|[liyuMHJHHtH^C'>lB''^<''i<'H>i"""'v.*'hciii>iei.enl,ei»iiittn 
ipocc*  wU^^^^^^^lMMHHvlly-  Eiecfil  in  Pulyroa,  mo  iir 
four  MH^^'^^^^^^^^F*'  Ju-,  i<- 1V111I11I  There 


*,  •oA  Italwls  ii 
I  ifilem  he*  in  tha 


POL  yZOA-BRACaiOPODA.  nj 

ectoOona,  nod  caoibiis  of  a.  ring  ioun<l  ibe  moulh.  and  of  ■  conl  down 
the  Idi  »de  of  the  l»i)y.  "niccc  It  i  closed  rsiKutai  nslem  viib 
nodeated  icd  cell*.  Tli«  Ijody  cavliy  i»  wcll-de*«lo|ic<l.  The  uxci  ore 
united.  The  bran,  known  m  >n  Aitiitttrttka,  in  a  much  niodUred 
trochotpheni. 

/Vwmnt,  the  ooljr  |;cnu3,  a  a  wotm-hkc  mitine  inmul,  alwiyi  found 
cnclooed  in  a  fixed  IcMhcty  lulic.  and  »ocial  in  hahit. 

Class   POLVZOA. 

A«  utiMlly  <lelin«I  Ihe  kSosa  includn  two  lub-clnsn^  (he  Ectoproet> 
■nd  ^e  Enlopioaa.  but  it  smni  doublfiil  whclhcr  the  Enioptocla 
■bould  not  b«  raiwd  to  the  itisnit)-  of  a  ilUiincI  tlUL 

The  Ecloprocu  include  frcih  «aici  uiil  msriae  Ibrmi  in  which  the 
■mil  v.  oalade  ike  lia*li  of  ihc  Irnucte*.  The  imvoiit  njilem  ii 
fepictenl«d  by  a,  Kaii);linn  gilncrd  htlwrrn  ihp  irn^lh  »n'l  inu*.  There 
b  no  vucubi  Kjitem.  In  Cnitalflitt,  at  Iml.  there  are  Xvcn  nephrtdia. 
All  we  colonial  uod  Iniil  vny  (reel)'  i  the  mattne  fonni  ihow  con- 
riileiable  Hiviiion  of  labout  among  Ihc  mcinbm  of  (he  colony. 

(4|  Tentacles  in  a  cteici;nl  -Frcih  water.  CnilaitlU,  ltf*t^i,  etc. 

1^)  Tenuclei  in  a  dtde — Marine,  except  fiilu^ut/Ai ;  Flmtr^  the 
common  MA-nut  :  Mtmhraniftra,  encrusting  traweed,  cic.  ;  Ctlttf^ta, 
voT  olcaicous  i  Altyemdinn.  fgAaixTvxa. 

The  Entoprocln  include  the  colonial  f^JiuHiHa.  with  n  (cw  allied 
flciiera.«nd  tfimUMi,  aUo  the  non-oalonial  LuxinBma.  in  Hhich  the 
budt  Mpaiatc  oi  toon  u  they  ue  (bnned.  All  arc  i>ialked  and  minale. 
Tlie  anuti*  indoded  wlihin  iheientacuUr  drrlc.  In  the  metamoiphoui 
of  /WnMMinA  (here  it  an  elongation  of  tiK  i^nal  rcpon  of  the  body. 
Mid  aooMctjuentapptuiimiilion  of  the  muuChand  anus  on  the  ihoitencd 
voiIibI  nrEuei  There  is  no  apparent  body  cavity  in  the  adult,  and  the 
mewdam  aritM  from  two  pnmjlivc  mcuhlutL  The  cephridia  are 
anienor,  minute,  and  do  not  ten-v  ai  genital  duett.  Iiut  tetemble  lh« 
"head  kidneys"  of  Annelid  If nchoxphetct.  In  all  lhe«e  three  icipecti 
Ihc  Enloprncta  dlllei  from  ihc-  Rcinprocia,  and  fioin  the  Mollutcoldcn 
penct»llT>  bul  the  tignifitancc  of  thit  it  iiiicertaln,  munr  ckjircially  a«  il 
la  pouitile  that  the  dilli;tences  may  is  poil  ariw  ftuni  ilclectii'c 
obKrvuion. 

Class   BftACHlOPODA. 

The  Bnchiopodi  oi  Lampihelk  aire  ijnunt  muinc  animalt,  onoe 
vety  Rumercni*.  hot  now  decadent.  The  Ixxly  It  envdo|ictl  duraally  and 
TtHli^ly  liy  tiro  fohU  •■(•km  or  inaiillc,  Ihcic  tcriclr  ■  »hf^ll.  iiwolly  of 
Ihnc.  hut  iionii-linioi  ot):iiiiic.  The  .leitlopincnl  of  Ihi*  >thcll  liiu  "ppa'- 
cully  modified  twlh  the  [Kniliun  an'l  tlie  rdniiorvi  of  the  orfpins.  There 
It  no  rnl  retcmhlancc  between  »  Brachiojioil  shell  and  Ihal  of  a  liitslve 
MuITiutc.  vxcepi  that  both  consit't  of  t«o  valiei.  In  Btaiehiopuds  these 
lie  iluTjollv  and  venirally.  in  LAmellibntnchi  they  are  Inlctnl  !  inoteo^-ct. 
in  Btachibpods  ihc  vcnual  valve  i>  luually  the  Lu^cr.  It  is  haidly 
nece—rr  lo  ay  thai  the  Biachiopoil  onaUm  U  not  the  leail  like  a 
MoIlu»c. 
15 
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ta6                                 BRACUIOPODA. 

1                       A  cciniMcrBble  wrl  oT  lh«  space  belwnn  the  talvet  dX  the  shell  k 
1                   filled  up  Ijy  iwu  long  "wmi.    which  are  collotj  in  a  ipinl,  anil  often 
1                  mppofietl  )]}'    a   okntcoiu    tkclctnn. 

Thcic  ariM  in  ile«vlopinent  from  tlie                           -—. 
ipcciolbulion  of  a    lionc-thoe  th*i>e<I                   _^jQK^ 
'*lonhojihgtt,"  tudi  uin  chMRirirmtic               .^^■jRh^^. 
or  the  t'uljiui.     Tlie  mouth  i>  pliicvil            .^1^1  l^lw^ 
belween  the  aim*,  and  ppcm  iulo  the          dBEVVVPfl^ 

.                   blindly,  oi  may  ttc  (utniihcd  mlh  an       tl^^BH^    1      ^Irv^ 
aniu  placed  neu  the  mniiili ;  inCriutii       J^^BSSk               hm  M 
IheanuB  ia  don^l  ami  iHMtr-iioi.    TlI<^      ^^^K!^       mJM  W 
mutcolar  tTttem  it  wtll-dcroloped,  Ihi-       ^^^K3h^nG|F/J/ 
tihell   is   both   npeneil   and  closnl   by         ^^^BBS^KM^rJ^/y 
menni  of  muscles.    There  ii  a  nerrc-           ^^^t^^EoKi^v 
ring  round   the   kuUcI,   wiih   a  ili^l             ^^^^K^S^ 
boun  and  an  inferior  Kanulion.     Sen-                 ^^^^^5^ 
Miy  ilniciuret  in  nucy  cu«  pcr6pnuc 

the   valve*.     Above  ihc   gut   He*  H.c          *"lii.  73.— Inli-riot  of  Bra- 
heart,  which  'n  cuntipcted  with  Wood      ehiopod  Shell,  showing  aX- 
wuclk.      Two  (or   more   rarely   fonr)      <arcou»_    ^B^'l     ™     'he 
nephridia  open   nnu   ihc   mouih.  and      '  «nns,     (After  Davipsok.J 
lerve  al»  ai  genital  ducia.    The  poi- 

tcrioi  (egirjn  of  the  body  often  forms  a  lUlk  bv  which  Ihe  (hell  It 
moored,  but  in  many  this  tialk  is  abtcnt.  and  Ihc  aaimat  is  illreclly 
attachnl  10  the  (ubMiatum.     The  >cu«  arc  Kunelimc*  wparatc^  liul 
Mihapi  «ome  oie  hermaphruiliie.     There  li  a  mcliimorphoaii  in  ihc 
oevelopmenl.  and  the  lacvs  rciemhle  those  of  hvlyiuu.    Of  the  detuli 
Ultlc  it  yet  known. 

TamCAKblUBL 

ItCAIQIniK 

Tho  'rihfm  ar«  fatnf  cd- 
Tlivrt  ii  rio  anuh 
Tmi-aKiit.    ll-»U»rimiM. 

Then  u  Qo  hliic** 

Then  i»  Bd  BDUi- 

Cnonlt. 

LtinerU,  ptnkwDi  clue*  Pahmotc 
■net. 

CHATTKR    XII 


ECHINODERMA. 


Clasi  I.  IIOLOTHUKOIDKA  (Scyioderaiat.     Sa  Cucumbcn. 
z.  ECIIIXOIDIM.     Sea  l/rchioi  1  ,..  „,„..,„,-.-. 

i  Ormi/BomRA.    Brink  *i»r  J    <"  EciiiiWMOA. 

5.  Crinoipka.     Fonliif  ilaa*  1 

6.  Bl.ASTOlllEA.     Exiiiict  yPKLMATOEOA. 


7.  CvsTOiUKA.     Eatinct 


Ik  contrast  to  the  "worms,"  the  Echinodcrms  form  a 
welt-defined  seriea.  Tbcy  m&f  be  described  as  sltiggisih 
mzrine  animals,  generally  of  radiate  synimetry,  with  n 
tendency  to  form  limy  skeletoiu.  The  nidial  symmclty  led 
tho  older  zoologittK  to  place  ihc  Erhinodt^rma  near 
Calcntera,  but  the  larval  iM^hinodcrm  is  more  spixialiscd 
than  most  of  the  larval  "worms,"  and  is  bibteral  in  its 
symmctr>-.  It  seems  likely  that  ihc  adult  radial  symmetry 
is  an  adaptation  to  sedetilary  life,  and  tliat  the  Echinoderms 
represent  an  ofT^hoot  of  some  "  worm "  Moclc.  Yet  it  is 
interesting  to  notice  that  in  both  Co:lentera  and  Echino- 
dvrma  ihc  nen-ous  system  shows  a  marked  absence  of 
centralisation,  which  may  Ijc  connected  with  the  absence 
of  a  definite  head  region,  and  this  again  with  the  rebtively 
aedenlaiy  habit. 

Geverai.  Characters.-  ■  The  Eekiniidtrms  imlttdt  fm-mt 
in  H'hitfi  the  hilakml  sxmmdry  oj  the  iarva  it  n/'/iteoi 
in  Iht  •idHil  fy  Titdial  symmetry.  In  addition  to  lk< 
dominant  radial  iymmefry,  the  adn/ti  shew  to  a  varying 
extent  a  lendemy  tateards  a  titateral  form,  but  this  is 
never  the  same  as  that  of  the  hrta,  nor  is  it  e^nitvi/en/ 
in    the  different  types,      JJme  is  always  def^iilal  in    the 


nS  ECUISODBRMA. 

mtiodenmc  tissua  (mestmMymt),  and  in  (»nuquen<e  thtn 
is  frtqtttntly  a  vtry  eotnpUte  skfUton.  From  lh<  primi- 
title  ftf/  of  the  larva,  feuthts  grvw  oii  to  form  the 
usually  spacious  («hme  and  the  ehitracteristie  water  T>as- 
eular  system.  The  braiuhes  of  ikis  system,  toaelktr  with 
the  nerves,  exhihil  in  most  eases  a  lypiiisl  five-rayed 
arrangeiiieHl.  In  devtlofmeist  there  is  a  marked  dtstine- 
lion  betitfttn  mesablast  derived  from  gut  (nmches,  and  mesen- 
ehyme  produeed  t>y  immigrant  amal^d  ttlls.  There  it 
usually  a  very  striking  eircuitousnest  or  indiredness  in 
devel^ment. 

71U  Behinoderms  art  all  marine.     By  reason  of  their 
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FlO.  74.— ritilfiii  laivii  uiili  rtKllinrnl  Tifiuliili. 

[Aflet  JUIIANNIES  Mt'LLKR.) 

durable  sktletons^  they  art  extremely  well  represented  lu  fossils, 
yet  this  does  not  alter  the  fa(t  that  the  group  is  loell-defined, 
and  shows  no  elose  relation  to  any  other,  whether  in  its  living 
or  extinet  representatives. 

The  averaffi  kabit  is  sluggish,  and  this  tnay  he  eorrtlaied 
with  the  eonslant  development  of  lime  in  the  tissua.  This 
pffKer  of  forming  skeletal  suAitanee  is  indeed  to  deep-seated 
that  lime  may  appear  in  almost  any  of  the  arsons  of  the 
body.  The  diet  is  vegetarian  (most  sea  urehinsj,  eamipcrvus 
f starfishes  J.  or  eousisls  iff  the  orgetnie  partiiles  found  in  semd 
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STARF/SH.  iiq 

and  mud,  tht  Holothuriamt  in  particular  firaetising  this 
w«rm^kt  modt^  nutrition. 

Most  Eikiiu^rms  iavf  to  a  rtmarkahU  extent  the  p&itvr 
o/aisting  off  and  regenerating  pifrliont  of  their  Aody.  This 
pmoer  is  /rtijuentfy  reekaned  as  one  of  their  means  of  defence, 
hit  they  often  mutilate  themselves  merely  as  a  eoHtefuenee  of 
unfarwuraile  condilions  of  life.  The  self -mutilation,  or 
autotomy,  as  it  is  (ailed,  setmi  to  be  entirely  a  rifiex  Mtion, 
net  voluntary. 

The  peculiar  water  vascular  system  attains  great  develi^ 
ment,  and  has  usually  respiratory  or  locomotor  functions.  It 
is  potsshle  that  in  some  cases  it  may  also  fvneiion  as  an  organ 
of  txcretiou.  Well-defined  excretory  organs  are  conspicuously 
ran.  Solutle  watte  products  seem  generally  to  diffuse  out 
into  the  water,  while  the  insoluble  are  here,  as  in  tea  shirts, 
stared  up  in  the  tissues  in  the  form  of  granular  masses. 

T1i«  Holoihurioni  att  in  form  neuMI  to  th«  >iipp«*e<l  wonu'likc 
•nocktor,  and  ate  peihnps  primiiivF  fonni,  which  do  nol  lead  up  to  nny 
of  Ihe  otbcT  clnuH.  Fiom  ptimilin  unipcdnlucd  CyMo:dt.  the 
ScMbom*,  and  I'clmnlouu  hiti«  perhapi  taken  orif;:in.  Of  ihe 
EefaliiaMB  (h«  Attcraidea  ami  Ophimoidca  ate  x'rty  utMcly  rcUlcd,  and 
*a«in  lo  br  connected  tf  baM  frinnt- 

In  our  lurvcy  of  lh«  gronp  it  i>  moie  convfoient  to  ^i^"  *>■'■  the 
fiuniliu  (l&ilUhci  Ihaa  with  the  raon  primitive  rornu.  The  ccncral 
dnracien  of  each  clat*  maj  be  read  ftom  the  lyoopik  uble  M  the  «nd. 


Class  AsTBROiPKA.     Slarri»h. 

Tlie  description  ap[)1ies  especially  lo  tlie  common  five> 
rayed  lUtriiKh  {Asterias  or  Asteraeanthion  rvbens).  It  is 
often  seen  in  shore  pools  exposed  at  low  wnti-r.  I)ul  its 
haunts  arc  on  the  floor  of  the  sea  at  grealtrr  dtptlis.  ThL-re 
it  moves  about  slu^ishly  in  any  direction  by  nutans  of  lis 
tube  feet. 

Fiirm. — Each  of  the  five  arms  bears  a  deep  ventral  gioovc 
in  which  the  tube  feet  are  lodged.  The  mouth  is  in  the 
middlf-  of  the  \-etitral  surface,  ihc  food  canal  ends  about 
the  centre  of  the  dorsal  disc.  With  this  Hal,  fivc-rjiycd 
form,  the  11-13  i^yed  sun  star  {Solaster),  the  pincushion- 
like  Geniaster,  and  the  flat  pentagonal  Palmipes,  should  be 
contiasied. 


ECHINODERMA. 

InttgtuKtnl. — (a)  Tte  bodv  it  covered  hy  a  cilkleii  cclnlenn.  ThU 
includei  lupinnJQE,  j^IdiiiIuUi.  *nil  KCCMty  cclU>  and  trmcalh  Ii 
th<Tc  it  B  nciwnih  ol  nc nc  liliiiK  wiih  pioglianic  crth. 

(A)  The  mklilti:  kyer  nf  the  inlq^iiicnl  i-ontiBtJi  of  a  dooble  Mistiiin 
of  grniind  hulititACire,  llie  uulcr  pait  uf  which  conUiiu  the  chief 
limy  )iiruc(iiri'«  except  Ihc  nmbuUcrB)  imicki  whwh  Bie  (onneil 
more  inlvrnally.  Theie  is  a\to  «  thin  muicular  Uyer.  The 
whole  of  Ihit  miftdic  lajcr  in  fotincii  in  (tcvclnpmcnl  (rnin  Ihe 
meienchymc  liutie. 

(f)  Intemiilly  (he  Ixvly  wall  14  XvnvA  by  b  dli*tiid  rpilhelium,  HerltWl 
in  ilet-elniniicnl  fiom  Ihc  wall  (A  the  ccclomic  {louchaa-  \Sm 
lJrvelo|imtnl.l 

llcl«ecn  1*0  uf  the  anns  lie*  the  peiforalcd  madreporie  pUte.  Ihe 
entrance  to  the  "-atci  vntculni  lyilcm,  Ihiii  clefiatn)[  the  Hvtrnm, 
while  the  other  three  !umt  conMtliilr  (he  tnvimm. 


The  Cal(artoui  Sktlrton. 

In  nssociation  with  the  inner  mesodermic  layer  of  Ihe 
intc^mi^nl,  [here  is  developed  on  the  vetitral  iurface  of  each 
arm  a  double  series  of  Hlopln^  plates,  '['hcie  two  series 
meet  dorsally,  like  rafiers.  in  the  middle  line  of  the  arm, 
forming  an  elongated  shed.  The  raflexlikc  plates  are  called 
amiuiarral  essic/fs ;  the  groove  which  they  bound  lodges 
the  nerve  cord,  the  blood  vessel,  the  water  vt:ssel,  and  the 
lube  feel  of  ijach  arm. 

In  aAsociatiun  with  the  outer  mcsodcrmic  layer  of  the 
integument,  numerous  smaller  plates  are  developed,  e.g.,  the 
tu/amfin/aeraJs,  which  aniculaie  with  the  outer  lower  ends  of 
ainbulactals.  Tlic  dorsal  surface  bears  a  network  of  little 
ossicles,  and  many  of  theite  bearspines.  Peculiarly  modified 
E]>ines,  known  m  ptdiailaria,  look  like  snapping  scissor 
blades  mounted  on  a  single  soft  handle.  They  have  been 
Ken  gripping  Algic  and  the  like,  and  probably  keep  the  sur- 
focc  of  the  siarfiBh  clean. 

Museular  System. 

A  Starfish  is  rtot  very  muscular,  but  it  often  bends  its  arms 
upwards  by  means  of  the  rauscuLor  layer  noted  above,  and 
may  sometimes  be  seen  lightly  embracing  an  oyster.  Other 
muscles  alfcct  the  .tin-  of  the  ventral  grooves,  and  muscular 
elements  also  occur  on  the  pmtrusible  \ixn  of  the  stomach, 
and  in  connection  with  the  water  vascular  system. 


•iSJirsR  ofiGAfrs. 
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iVtrvovs  Syitem. 

Underneath  the  ciliated  cctodnrm  lies  a  network  of  nerve 
fibrils,  with  some  ganglionic  cells.  But  besides  these  dilTutie 
elements  there  ii  a  i>enta);on  around  the  mouth,  anil  a  nerve 
along  each  arm.  The  syHteiii  is  not  svpaiahle  from  the 
skin. 

Stnse  Organs. 

A  red  eye  spot,  senMtive  to  light,  lies  on  the  terminal 
ossicle  3t  the  tip  of  each  arm,  and  is  usually  upturned.     It 
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Fl<i>  75. — Alimcnluy  kjn^lcin  of  .Swtluh.     (Afto 
MOi.LRK  ncd  Tkom:iiki.1 

Tb«  doru)  VMthat  bM  been  rtnuTvil :  Lb«  (Stffti^ivl  CBCia.  (Via 
<winiicb»  A^,  w  ihown. 

is  a  modified  tenUicle,  l>carinK  numerous  little  cups,  lined  by 
sensitive  and  pigmented  ccH-%  cnniaininu  clear  fluid,  and 
CO*'CTcd  by  cuticle.  The  skin  is  diffusely  sensitive.  The 
lermtnal  lube  fool  of  each  ray  seems  to  be  olfactory. 
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aja  ECaiNODERMA. 

ASmeitlary  SytUm. 

Th«  iitnrfi^i  is  fond  of  yotin;;  uy&iers  and  other  bivalves, 
and  may  be  found  with  [wri  <)f  it*  stomach  extruded  over 
them.  This  [trolruMblc  or  rardiav  portion  of  the  stomach  is 
glandular  and  sacculated,  and  bulges  slightly  towards  the 
arms ;  it  is  followed  by  an  upper  or  pyloric  portion,  giving 
olT  five  bninchei),  each  of  which  divides  into  two  large  diges- 
tive cxca,  a  |uir  in  each  arm  (Fig  7c.)  'I'hete  glandk  con- 
tain a  ycllowikh  pigment  (entcrochiorophyll)  and  secrete 
itypiic,  peptic,  and  di.islalic  ferments,  l-'rom  the  short 
tubular  intestine  between  the  stomach  and  the  almost  central 
dorsal  anus  two  little  outgrowths  are  given  off,  pcrliaps  homo- 
lo|{ous  with  the  "  respiratory  trees  "  of  Holuthuroidt.  Some 
partK  of  the  food  canal  are  ciliated. 

Body  Cavity. 

The  ccelomc  is  distinct,  though  not  much  of  it  is  left 
unoccupied  either  in  the  disc  or  in  the  arras.  It  is  lined  by 
ciliated  epithelium,  and  contains  a  fluid  with  ama:boid  cells. 
A  few  of  these  have  a  pigment  which  probably  aids  in 
respiration  ;  others  arc  plugocyics,  which  get  rid  of  injurious 
particles  through  the  "  skin  gills ; "  others  continue  the  work 
of  digestion. 

Water  Vaavlar  System. 

Whe:i  we  watch  a  starlish  crawling  up  the  side  of  a  rock 
wc  sec  that  scores  of  tube  feet  are  protruded  from  the  ventral 
groove  of  each  arm,  that  these  become  long  snd  tense,  and 
thai  their  sucker-like  terminal  discs  arc  pressed  against  the 
hard  surface.  There  ihcy  are  fixed,  and  towards  them  the 
starfish  is  gently  lifted.  The  protrusion  is  effected  by  the 
internal  injection  of  fluid  into  the  tube  feet,  the  fixing  is  due 
to  the  subsequent  withdrawal  of  llie  water  producing  a 
vacuum  between  the  ends  of  the  tube  feet  and  the  rock. 

Ak  lo  thr  coanr  of  ihc  ItiiM,  it  Ss  ciinvmiciit  to  Lrcin  with  iliv  nixtlra- 
poiii;  ptalv,  whicli  lin  bclwKn  ilie  toM-soIlwooi  thcnrm)  I\\k  tnv'um), 
ThJi  ptatc  u  D  <Mm|)1ex  calcAitnui  sieve,  wiih  niiinnuus  pcrli^iiDting 
cnnoU  Mid  exicrnal  01m,  [l  may  hv  compatrd  to  the  rtnc  of  ■  water- 
ing laui.  but  (be  bold  *rc  much  more  ntmletout.  and  IbuJ  inlt>  tnuM 
mwl*  whlrh  convrrge  into  a  muio  eitUled  caiuL  The  kuci  rum.  diiwii 
tturaugh  the  bndy,  anil  i«  like  «  romjilcx  calnitfaiih  filtvi.  It  it  called 
ih«  stmo  ouirI. 


WATER  VASCUlJ^R  SYSTEM. 
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The  tcone  t-tia\  lokdt  iotu  a  WAtet  rliiK  touniJ  atxnii  ih«  tnouih.  Pram 
lt)i»  circumonl  ring  are  cirm  ofT  nine  j^Undular  Indin  {Tinlenniin^ 
lyxlin),  aod  fin;  rndUl  lubci.  one  fbr  cnirh  nf  ihc  euihi.  Conuilcniiiaiu 
of  qtmniettr  luggcil  that  there  ihould  be  ten  sUnduUr  bodia,  hut  the 
Honeouial  ha»  taken  the  place  of  one.  In  mitny  Moffii-he*  Ihi-icaietiiv 
0(  Ma  Utile  cetCTvoln  (rniian  veaiickh)  n|ici>kiic  iiilo  ihr  ciccumoral  rin|;, 
bill  in  AUtrim  mifai  thew:  are  luiilly  dintinguiAlialili;  from  ihc  finit 
amtiullv  cif  Ihr  ndiil  veucb. 

Along  meh  a.nn,  (hen,  iherc  rum  n  rniiiiil  vchcI.  It  lit*  In  (he 
ambaUcnJ  gtoove  bcnnlh  the  »hcli«  of  the  rnlicr-like  o«del«.  From 
il  brancha  are  pvtn  olT  to  Ihe  bona  oF  the  tube  Teei,  hut  from  each  of 
l)ieie  hue*  a  canal  aucnil*  Iietwcen  each  nlj  of  amliulacral  ohIcIc*,  and 
eajianilt  into  an  am|>iilU  oi  rrwtvnir  on  (he  dorhgJ  or  inorcinl*tnal«lile. 
The  fluid  in  the  lyttem  may  ptua  rioni  (he  raili^  r«nel*  in(o  Ihe  Itllw 
fed,  acui  bom  the  tubv  feel  it  ean  How  back,  not  into  (he  nulioJ  visaei, 


Fic.  76. — Diogramnuilic  eroe  leclion  of  lUrfiih  arm. 
{jUI«  I.i'iiwru.) 


a,,i»lijiliicn«;^tv,  ladEalblCDttiwIacfDnliticuLaHwi^Mp 
tOBilo  IpIamI  v«4kI  »cunlinf  10  oiti«rt;  n\f'„  ndul  micr  vcim; 
•B.-aupulU;  t/-,  tutnttioi  1  fu..*  priuric  ociuin  nil  ccnMi :  t;/., 
aciliattflut  tpin*;  ^-.^  kkh  tfill  ;  Mr,,  epuasin  ihctkln;  /a,c>v4 
IhGPVUy;  #,#,,  MmtwlAcrAl  fwlctt- 

bul  into  th(  ampull.T.  There  ore  miucln  on  t)ie  w»ll»  of  the  lube  feet, 
■npuILT,  and  t'cueli.  Ai  ihc  end  of  eafh  nini,  (here  U  a  long  unooireii 
luse  foot,  wlikh  >eenii>  lo  acl  m  a  liclile  tenloicle.  and  hat  aim  olftiolot}- 
ibnificanoe. 

To  rvru|ulHU(e.  Iliu  mailrepoiic  plnle  Inu)^  iiiti>  Ihe  ilone  canal,  this 
{MMo  inl(>  (lie  rin|^  roitnil  (he  moull)  whh  iti  nine  vniclei,  ^m  Ihe  ring 
ndia)  i-eueli  run  along  the  a/mi,  ihey  gii?  olT  brnodio  tu  Ihe  lube  (eel, 
and  ibe  boie  of  toch  lube  foot  communicates  with  an  nmpulk. 


BCHINODERMA. 

ViuiHlar  SyiHtH. — Wc  twrc  not  yet  Kachni  Mttainly  in  N^ud  to 
thll  Kytlcni.  Cirrmaii  nulhoritlm,  /.jf-  I-udwlc,  <lcM;ritiv  (l]  >  nulial 
bloml  vmai-l  sbnve  [he  nctt'f  in  «nch  turn  ;  (>)  ■  circumoiiil  vtBcl 
uound  ihe  mouih :  (J)  •  hcnrt  lying  betide  ihc  ttonc  ranal  uid  l(adin£ 
into  (4)  an  nbontl  linn  which  ajva  att  vcuclt  lo  ihc  genital  nrnns. 

Rul  olhert  toy  thai  the  lo-cdUii  "  hcail ''  it  a  willd  gLutduLu  orvRn. 
lliM  llir  al«j«l  rind  '*  '"d'y  tlic  conneclinj;  klnnd  ot  rliuhi>  olllic 
^nital  i>r)^in>>.  nnil  ilial  the  iaiTi*l  >nil  ciiciimonil  voMCtlt  dMcribrd  are 
reilly  thickened  sepia  witliin  ihi!  tnii;  vemcki. 

French  aulhoriua  detcribc  {a)  a  radial  periho-mal  space  or  blood 
retui  divided  by  a  median  mescniCT}-,  and  (#}  the  union  of  ihc»  tn  a 
drcumonJ  rln|{.  Bui  the  lalic*  cndtses  (i)  anolhet  onnalar  vcwcl  with 
wblch  A  tlniu  7^1  »uiTOunihn|>  the  sione  cuial  cainmunic*te».  Finally, 
an  Bboml  pentagon  {e)  giitt  alf  five  jiain  af  )>cnital  Mood  veaeU. 

Rfspiratary  Systfm. 

From  the  dotsal  surface  and  sides  of  3  sUirfish  in  a  pool, 
numerous  iransparcnl  procc-sscs  may  be  seen  hanging  out 
into  the  water.  They  arc  the  sitaplcii  possible  respiratory 
stmcturvs,  contractile  outgrowths  of  the  skin,  with  cavities 
continuous  with  the  aelome,  and  are  called  "skin  gills." 
It  is  likely  thai  pigmented  cells  of  the  body  cavity  lluid  act 
like  rudimentary  red  blood  corpuscles  ;  the  water  vascular 
sy«era  may  help  in  aeration ;  and  the  whole  iiody  is  of 
course  continually  washed  with  water. 

ExtrHfiry  SyUtm. 

The  "skin  gitis"  arc  said  to  have  an  excretory  Function  j  for 
phagocytes,  bearing  waste,  seem  lo  traverse  their  walls.  It 
may  also  be  that  excretion  a  nomeliow  concerned  in  forming 
the  carbonate  of  lime  skeleton,  but  facts  are  wanting. 

Rtfroduelh^  System. 

The  sexes  are  separate,  and  they  arc  like  one  another, 
both  CKtcrnally  and  iniernally.  The  organs  develop  petiotli- 
cally,  and  lie  in  pair»  in  eatili  arm.  &)ch  is  branched  like 
an  elongated  bunch  t>r  grai>ej,  and  is  surrounded  by  a  blood 
sinus.  Each  has  a  separate  duct,  which  opens  on  a  porous 
plate,  between  the  bases  of  the  arms  on  the  dorsal  surface. 
In  As/erim  jiiMosa,  however,  the  eggs  arc  extruded  veu- 
trally.  The  eggR  arc  fertilised  in  the  water,  and  the  free 
swimming  L-ir\'a,  which  will  be  described  along  with  those  of 
of  the  oihi:r  cJnssct,  i.i  known  as  a  Bifinnaria  or  as  a 
BraMolaria, 


OPHIUROWEA  OK  BRITTLB  STARS. 
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Othtr  Slarfithcs. 

Ailtvfflm  unci  mcnl  fiitiiis  rcl.ilnl  In  it  h»vc  Minil  f'>»i  canals; 
Prianga  liu  ')-ll  ImtiK  nI^l^.  silting  )ibru|il[y  b>>in  n  ?iinn1l  ilisc  u  in 
Itrilllc  tlan,  uid  hai  no  uinpull^i',  i-yt  iixils,  or  skla  gills  ;  /.«l^i>>  hu 
ihice-blaJcd  pcdkclUricc :  in  mtHi  formi  the  gcniul  duclK  end  on  plain 
wilh  *  lilitlle  apcittiic.  and  >i>  on. 

The  coininannl  Kiiropcnn  fonnt  «ic  ipecln  of  Autrht  or  Alter- 
afonlkim,  Ailrafnttn,  Critnlli,  Stiailtr,  Gmiatlfr. 

Tbt  liLi]gnt  arc  tuch  nt  Aittriiu  gi/^it/ta  (fiuin  the  rocific  coul  of 
N.  Amcricrii),  niciuunng  3  ftol  in  diAmrli-r,  or  PjniKftJia  ^lioHlAaidts, 
tXiciM  ■  jT»rd  in  dinmcii-r.  jind  wilh  oni  twcni)-  aoni. 

There  ur  many  deep  vEa  lomiii.  such  ss  the  aphiutiHd-Uke  Britiltga, 
lh<  widely  diitln lulled  Uymeiuultr.  and  Ihe  blue  PtralitnaUtr  tarmifiu, 
but  the  mAjcirily  ocfiir  in  want  of  no  pcni  dcpih. 

I'arenlal  can*  i>  inTi|iiciil  Bnicinc  AHtetiiids,  foe  ■  turKU  Atltriot  hu 
been  Krn  shclterinj;  iti  youni;  wilhin  ili  nrnu  ;  there  is  a  definite  brood 
pouch  in  the  fomi  of  a  lorl  of  tent  on  the  dorul  lUfflice  of  Pitraitir. 

Many  Aiteroidi  break  ««y  re»dily,  ot  throw  off  iheir  aimi  when 
thoie  arc  neiud.  Profeuor  Forbo  deicTiboi  hciw  a  line  tpedlnen  of 
Liadia  ihiut  cw9i[iin|>  him  cave  a  "  wink  of  deritioa  "  a*  it  pMKd  i>vcr 
ihc  tide  of  the  buitl.  The  k»l  pant  arc  klowly  itgenrntcil,  and  Mrui)^ 
fuimi  nie  oifteD  found  in  proms  of  legtowlh.  Thut  the  "  eotncE  form  " 
of  iiuluh  occun  when  a  sepanted  arm  piocecdi  to  igmti  the  other  four. 
Aiieroide*  ^ral  oocui  in  .Silurian  itrai*. 


Class  OPHiUROinR'V.     Brittle  vax%,  t.g.,  tlie  common 
Ofkiaphatis  beilis. 

The  body  of  a  brittle  star  differs  from  thai  of  a  ^tarfiith  in 
the  abruptness  with  which  the  arms  Hjning  from  the  central 
disc  (cf.  Brisinga).  'ITicsi:  arms  arc  musailar,  and  useful  in 
wrij^ling  and  clambering  ;  they  do  not  contain  outgrowths 
of  the  gut,  nor  icproduclivc  organs.  Moreover  there  is  no 
amhulaerat  groove,  and  the  tube  feet  which  project  on  the 
tides  itre  loo  small  to  lie  of  lucomolor  service.  The  miidre- 
poric  ptate  is  xiUialed  on  the  ventral  surface,  usually  on 
one  of  the  plates  around  ihc  mouth.  The  food  canal  ends 
blindlr. 

The  f^roductivc  organs  lie  in  pairs  between  the  arms, 
and  open  into  pockets  or  burs«  formed  from  iniurninKS  of 
the  skin,  wliieh  communicate  wilh  the  exterior  by  sliU 
opening  at  the  bases  of  the  aims.  Water  currents  pwu 
in  and  out  of  these  pockets,  which  ])robably  have  both 
respiratory  and  excretory  (unctions. 


aj*  BcamoDERiaA. 

The  free  swimmmg  larva  is  a  Pluttus,  v«ry  like  that  of 
EchinoiiU. 

Ophiuroid.i  nre  lirNt  found  in  Silurinn  stnto. 

1.  Eui^alida.     Skin  uiihcut  plaits,  una  utnpte  m  bcutched  and 

capable  of  being  rolled  up. 

2.  Opiuarlda.    SkEn  «Ilh  pliICK,  trmt,  (Imple. 

OtAiipMU,  Ofiiixtnia,  Ofkiolhrix,  we  mnimnn  (cncn. 
Aiifiiura  sfuttmala  u  hcrmapliroilitci 


Out  BCHIHOlOBA.    Sea  Urrhin^  e^.,  the  coininon  Echimms 
tdtilif,  SttvngyiyftntrtjlMS  lividus. 

Most  sea  urchins  live  olT  lodcy  coasts,  and  not  a  (en* 
shelter  themselves  stuggiKhly  in  holes.  Tlit^*  ino\'c  l>y  mwins 
of  their  tube  feet  and  spines,  and  seem  to  feed  on  seaweeds, 
and  on  the  organic  matter  found  in  mud  and  other  deposits. 
Aflct  the  perils  of  youth  arc  past,  the  larger  forms  have  few 
formidable  enemies. 

Jvrm,  Skin,  and  Sktkton. 

The  hard  and  prickly  Imdy  is  more  or  less  spherical. 
The  food  canal  begins  in  ihc  middle  of  the  lower  surface ; 
it  ends  at  the  opposite  pole  in  the  middle  of  an  apical  disc 
formed  of  a  central  plaie  surrounded  by  five  "  ocular "  and 
five  "geiiiial  "  plates.  The  ocular  or  radial  plates  bear 
eye  specks  ;  the  genital  or  bn-Ml  iilaies  bear  the  apertures  of 
the  genital  ducts,  but  one  of  the  five  is  modified  as  the 
m.idrcporic  plate.  From  pole  to  pole  run  ten  meridians  of 
calcareous  plates  which  fit  one  another  firmly  :  five  of  these 
(in  a  line  with  the  ocular  plates)  arc  known  as  ambulacral 
areas,  for  through  iheir  plates  the  locomotor  tube  feet  are 
extruded  :  the  five  others  (in  a  line  with  the  eenital  plates) 
are  aillcd  inter-amliubcml  arwis,  nnd  bear  spmes.  not  tube 
feet.  Atto^eihcr.  therefore,  there  are  ten  meridians,  and 
each  meridian  area  has  a  double  row  of  plates.  On  the  dry 
diell  from  which  the  spin(?s  have  been  scraped,  the  ambu- 
lacral plates  are  seen  to  be  pcifotated  b)-  small  jwre*,  four 
pairs  or  so  to  each  plate.  Through  each  pair  of  pores  a 
tube  foot  is  connected  with  an  internal  ampulla,  [n  the 
ctorfish  the  xmbulacral  areas  arc  wholly  ventral,  and  the 
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apical  area  seen  on  the  dorsal  aurfiuM:  of  l!ic  yaun((  fonnn  i* 
not  demonstrable  in  the  adult. 

The  "poslcrioT"  ambulacra,  tho«e  tjctwecn  which  the 
modified  basal  or  mndrcporic  plate  lies,  arc  often  diitiin- 
guishcd  as  the  "  biviuni.'ilic  other  thr«;(otni  the  "trivium," 
and  the  middle  one  or  the  llircL-  is  "  anterior." 

On  the  shell  ihtic  are  obviou&ly  many  spinet,  moiit 
abundant  on  tlie  inter-am  bulacral  areas.  'Ilieir  tmses  fit 
over  ball-like  knobs,  and  arc  moved  uiwn  iheie  by  muscles. 
But  besides  thcsC)  there  arc  two  modified  forms  of  suines, — 
(a)  the  minute  pcdiccllarix,  with  three  snapping  blades  on 
a  soft  stalk,  and  sometimes  with  apical  gbnds ;  and  {t)  smnJI 
globular  sf^uuidta.  which  show  some  structural  rcsemblanou 
to  otocysts.  It  to  said  that  like  true  otocysts  they  are  con- 
cerned with  the  perception  of  direction  of  motion. 

In  front  of  the  mouth  project  the  li]!*  of  five  toclh,  which 
move  against  one  another,  grasping  and  grinding  small 
{Kinicles.  They  are  lixed  in  five  large  sockets,  arid  along 
with  fifteen  other  pieces  form  "  Aristotle's  bntern."  a  complet 
masticating  appantut,  of  whose  hiuory  wc  know  little.  It 
Mirrvunds  the  pharynx,  and  is  swayed  alwul  and  otherwiae 
moved  by  muscles,  many  of  which  are  attached  to  live  beams 
which  pro)eci  inward  from  the  margin  of  the  shell  round 
about  tl>c  mouib. 

As  in  other  EchJnodenns,  the  skeleton  of  linw  is  meso- 
dermic:  The  shell  la  covered  extemally  by  a  delicate 
citiated  ectodenn,  beneath  which,  in  a  tliin  layer  of  con- 
nective liamc,  there  is  a  network  of  nerve  fibres,  an<l  some 
gugSoa  cells.  Inicmally,  there  is  anoth<-r  ihtn  layer  of 
ooonective  tissue,  tod  a  ciliated  epjchdttua  lining  the  body 
cavity.  The  skdeion  grows  by  the  Eonmiioo  of  new  plate* 
■found  the  apiical  disc,  and  atoo  by  the  indiTidtial  increase 
cf  each.     In  a  few  (oriu  the  abcll  retain*  >one  pUsticity. 

NtrvMU  ^tUm. 

The  DefTotM  ajMen  eooMti  of  a  ting  SKNuad  the  noutfa,  of 
ndial  branches  ninntng  up  esiA  UDbulacial  afCM,  wid  of  the 
foperficial  nctwurL  'nibe  feet,  fphcfidia,  pedtceDarue,  and 
apna  are  aD  under  noTOus  coaaoi,  and  each  radial  nerve 
ads  in  the  "c^  qtcdu"  of  the  .nical  "ocalar  piMet." 
It  b  profakblc  that  all  the  lobc  wet  are  seoaory,  and 


BCHtKODEKMA. 


this  is  certainly  the  main  function  of  ten  which  lie  new 
the  mouth. 

Alimentary  Canal. 

The  alimentary  canal  pa&scs  ihioiigh  Aristotle's  lantern, 
and  the  intestinal  portion  lies  in  two  and  a  half  coils  around 
the  inside  of  the  shell  to  which  it  is  moored  by  mesenteries. 
It  contains  line  gravel,  sand,  and  some  organic  debris.  It 
ends  near  the  centre  of  the  apical  disc,  whence  the  pedi- 
cellarie  have  been  seen  removing  the  fawiia. 

Accompanying  the  first  coil  of  the  gut  is  a  canal  or 
"  siphon,"  which  opens  into  the  gut  at  both  ends.  Accord- 
ing to  Cuiiiot,  a  current  of  yrater  traverses  this  tube,  which 
thus,  by  reason  t&  its  thin  walb,  carries  oxygen  to  the  cor- 


KlO,  77.— VcnirtI  lulf  of  Si-a  Urchin.      (From  CAitrt. 
nfletTtBDBMANM.l 

>.  Arl4ioi1*'>  biiKtrn  in  ^(i»d  i  **.  «nckpli>iruh ;  /,  ifiinLjncj 
Att  Inmrinal  blyid  vt^el ;  /T,  riclUI  Mit.*i  n**^!  in  an  AmImlBcral 
«jtm;  A,  *n  inter4mliii1iicTm1  am:  m,  n,UHls  vf  1Jt«  Inmerru 

puscles  of  the  body  fluid.  The  s[Kidous  body  cavity  is 
lined  by  dliated  epithelium  and  contains  a  "perivisceral" 
fluid,  whose  corpuscles  have  a  respiratory  pigment  (cchino- 
chrome).  When  the  fluid  of  a  perfectly  fresh  sea  ur(:hin  is 
emptied  out,  the  contained  corpuscles  unite  in  plasmodia, 
forming  composite  amwboid  clots  (cf.  Proteorayxa,  &c.). 

Water  Vateular  System. 
The  madreporic  plate  communicates  with  a  membranous 
stone  canal,  which  runs  downwards  into  a  circular  vessd 
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Tiear  the  tipper  md  of  the  Inntcm.  This  gives  off  five  inter- 
radi.1l  transparent  vesicles,  and  five  radial  vessels  which  run 
down  ihc  sides  of  the  lantern  and  up  each  ambulacra]  area. 
Each  luduit  vosel  gives  olT  numerous  lateral  branchei, 
which  communicate  with  the  internal  anipullx  and  thence 
with  the  external  tulie  feet.  When  the  tuoc  feet  are  made 
tenKc  with  Auid,  tlii.7  extend  )K-)*ond  the  limit  of  the  spines, 
and  ate  attached  to  the  surface  of  the  rock  over  irhich  the 
ica  urchin  slowl>'  drags  itself.  The  sucker  at  the  tip  of  each 
tube  foot  bears  small  calcareous  pbtes  regularly  airant^cd. 
indeed  there  is  hardly  any  part  of  an  Echinoderm  in  which 
lime  may  not  be  deposited.  '  Before  bending  upwards 
from  the  base  of  the  lantern,  each  radial  vessel  ^ives  off  a 
branch  to  (WO  large  tcntactc-like  tube  feet  without  attach- 
ing discs.  The  live  pairs  lie  near  the  mouth,  and  arc 
sensitive. 

711/  SImJ  Vtuatiar  SysUm  U  no[  iroidi])'  meed,  and  there  w  un. 
ccnainly  a«  to  many  |imn<i>.  Aldng  ihc  hlone  cuml  Wa.  an  ciilitiiuiirat 
tUuciiire.  (E>  wliii'h  «ifli  tuimcs  M  "  plexlfiinn  orEan,"  "  cwold  jliirtl," 
"tlutMl  QrgHn,''  mil  "Imit"  arc  ginti,  II*  ttrucluTC  is  like  thai  of 
the  imalter  );bui<lulai  (rnUi)^iticnls  found  on  ihe  vxtciilai  tj'skm. 
Anurdinc  lo  lame,  it  civn  origin  10  lomc  of  Ilic  amorbokl  cclli  of  Ihc 
body  aivily  fluid.  It  U  connecicd  juiwrioily  «iih  ihe  five  geniliil 
OTEaiu,  interiorly  wilh  a  citculai  vnsel  junouniiinK  ihc  pliiii)n>  Bl  Ihc 
top  of  ihc  kiuon,  wllhin  and  l)cncalh  ihi-  WJicr  ting.  Tliii  va*cular 
ntiS  (ceiDk  to  \»  ctain«ctcd ,  bf  bniDclioi  at  Icnil.  with  the  five  (loclteiii 
of  the  uiucc  ring.  A  dittincl  t««hI  atinet  fnnii  ihc  ring  and  rum  along 
the  inner  or  rrnlnil  nurfacc  oi  (he  inictiine,  while  Kntiihrr  1111  ihe 
mftxaXr  *idv  kchu  lo  otii^inali-  froni  capllUiim.  ll  in  likely  enough 
that  Uiere  may  be  radial  blind  ivuvls  ui  ijnoa  in  Ihc  amlnilanal  arcM. 
71k  Airid  cftnaM  he  djuiinguiihvd  Irnm  ihai  oT  the  body  uvi^ ;  it 
conluni  (orpiitclct,  wme  of  which  have  jiigmenL 

Rtspirafory  and  Excretory  Syifenu. 

On  the  area  round  about  Ihc  mouth  there  are  ten  hollow 
outgrowths,  which  resemble  the  skin  gills  of  starfishes.  As 
already  mentioned,  the  pigmented  cells  of  the  body  cauty 
fluid  seem  able  to  absorb  oxygen.  The  water  vascular 
sv&tetn  playn  here  a  very  important  part  in  respiration. 
Wo.ttc  ]>Toduci.i  Seem  simjily  to  accumulate  in  the  tissues, 
but  Hnrtog  mainuins  that  the  water  vascular  system  helps 
n  excretion. 


"MO 


BCmNODEKMA. 


Rrprodnctive  Sytkm. 

The  sexts  arc  separate,  and  like  one  another.  Five 
bnnchcd  yd  low -brown  maries  or  rose- white  testes  lie 
inlerradially  ui>dcr  the  a[>ex  of  the  shell,  and  open  by 
separate  ducu  on  the  five  genital  or  bojat  plates.  In 
spring  the  afncat  disc  may  be  seen  covered  with  orange 
ova  or  milky-while  spermatoxoa. 

The  tggs  arc  fertilised  externally  by  sperms  wafted  from 
adjacent  »cfl  urchin*,  and  the  free  swimming  lana,  which  wc 
shall  sftcrwaids  describe,  is  called  a  Pluteus. 

Cltutifiaxtion  of  EtiUimdea. 

I.  hilnn-cchirHiiilai.     Enlincl  Toiim,  i-iiiinrpntlr  with  a  plMlk  tan, 
of  (n«(fciipiii(;  and  viuubtc  plMck.     They  apprar  In   Lown 
Sitnriau  ruckt. 
a.  DemKwticb*.    ttcsuluand  lyaimel  ileal  nOi  tirctiiiM  like  E^Ummi, 
t^f.,  CiJuhi,  wiihoui  exietnal  (plU. 

t>tttiUwA,  *.  Biiorin  hai  twcn  tUicribctl  u  a>r«nid  wiih 

cMnpounu  pf«». 
Crntvn*  urtni,  itic  ipina  ccaUin  \  peMcin  apparuiH. 
EcMnoUiutidx  haiv  Acxible  IctU. 
>  OyiicaMraklM.     Shkkl  tha^.  and  nflto  flaL     The  lood  canal 
Mill  ouuide  the  apical  due  on  ilw  pAWrio*  inut-radiw. 
€^.,  QfyptatltT. 
^  PvnlMlkfafc     Houl  ttepnl-     Th«  OKnilli  i<  m-ccntfic,  the  iond 
Maa)  «Bd>  atrnf  ftom  Ihr  aaical  diic    Thcr<  an  no  maitical- 
i>K  (man*.    Ihi  ibe  ilonai  ■nrSwe  the  ninhiitactal  atou  ditole 
ftoM  iRe  ipcii  oolwank,  and  coAlnui  a^aia  lowaidt  ihc  BBigin 
ik  ih*  Vam  ol "  pelak."    The  anIetUa  ar«a  i»  altto  dlCtsoM 
frooi  ibr  iillici  (out. 

UfmiMtt*  and  mmm  Mhcn  tarry  Ihcir  yonnf  anun^ 
ihci(*pinev 


Class  HoLOTiiuKoiotA.     Sea  Cucumbers. 

The  Hotitthitrtaiit  do  not  at  fust  sight  suggest  the  other 
Echinodcmu,  for  they  art;  like  plump  worms,  and  the 
catcaroous  nkclrl»n  t^  ikx  i>fnmiiiei)t.  But  closer  examiita- 
(ion  shows  tlu'  ill  I    )>cn tamer kiUK  lymmelr)-,  and 

the  occurmice  "I   ■  -■.  pUlc*.  in   the  skin.     These 

M-L-m  to  In  alMcnt  in  tiie  unitpic  jK-lagic  i'ttagolhiiria. 

llulothuriaRs  occur  in  most  sca^  from  slight  to  very 
KTcal  depths.     Their  food  consists  of  small  animals,  and  of 
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Oigiknic  particles  TTom  the  sand.  Some  of  them  ((rasp  little 
things  in  their  waving  tentacles,  and  theii  ulunge  thcxe  into 
the  pharynx.  Thi:  musck-s  of  a  captured  Holothurian  often 
(n'cr  contract  and  cjc-ct  the  viscera  at  the  ends  or  through 
a  side  rupture ;  in  this  way  the  animal  may  sometimes 
escape,  and  the  visceia  can  be  rcgrown. 

The  wurin-like  body  is  often  regular  in  form,  with  five 
equidistant  longitudinal  l>andi  along  which  tube  feet  emerge. 
But  three  fjf  these  "nmbulacml  areax"  are  often  approxi- 
mated on  a  flattened  ventral  sole,  leaving  two  on  the 
convex  dorsal  surface,  and  there  arc  other  modifications  of 
ronn. 

The  walls  of  the  body  are  tough  and  muscular,  and  ih« 
skeleton  is  represented  t^  scales,  plates,  wheels,  and  anchors 
of  lime  scattered  in  the  skin,  by  plates  around  the  gullet, 
and  on  a  few  other  regions. 

The  nervous  system  consist.'*  of  a  circumoral  ring  in 
which  the  five  tadial  nerves  running  in  the  ambulacra!  areas 
unite,  and  from  which  nerves  to  the  tentacles  arise.  Sense 
organs  are  represented  by  the  tentacles,  which  sometimes 
have  "ear  sacs"  at  [heir  bates,  and  by  tactile  jwocesses 
on  the  dorsal  surface  of  some  of  the  creeping  forms. 

From  the  terminal  or  vcntml  mouth,  surrounded  by  five, 
ten,  or  more  tentacles,  the  food  canal  coils  to  the  opposite 
pole.  There  il  expands  in  a  cloacal  chamber  sometimes 
contractile,  and  fioni  this  arc  given  olT  in  many  forms  a 
pair  of  much  branched  "respiratory  trees,"  which  extend 
forward  in  the  body  cavity.  These  are  constantly  supplied 
with  fresh  water  by  mean.f  of  the  rhytbmie  conlractioiis  of 
the  cloaca,  and  seem  in  the  adult  Co  he  respiratory  in 
function.  'l"hc  body  fluid  sometimes  contains  a  red  pig- 
ment, said  to  be  identical  with  the  harmoglobin  of  verte- 
brates. Arising  from  ihc  base  of  the  left  respiratory  tree 
there  are  remarkable  structures,  known  as  Cuvierian  organs, 
consisting  of  numerous  tultcs,  which  are  in  most  cases 
glandular.  The  Holothiirian  can  eject  these  tul>es  through 
the  doaca,  the  wall  of  which  is  apparently  ruptured  in  the 

SoccKS.     The  tubes  are  very  viscid,  and  seem  to  grow 
ngcr  in  the  water ;  ihcy  will  adhere  to  almost  everything 
but  the  Holothurian  itself. 
The  water  vascular  system  may  consist  of  a  ring  around 
16 
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the  mouih  communicating  {a)  with  the  tentacles,  (<*)'with  five 
radial  vessels,  one  for  Mch  ambubcral  area,  (<*)  with  a 
"  I'olian  vesicle "  or  more  than  one  pendent  in  the  body 


w-< 


FiC.  78.— Diocclion  of  Holothuriu.      (After  IIiiMSn.) 
Til*  CDI  bu  b*cn  Hinu«vd ;  lli«r«  U  %  WUtk  IhrDiigTi  anut  ^J  aikI 


cavity,  (</)  with  a  "  itoiie  canal "  whidv  ustislly  hjingg  freely  in 
the  body  cavitjr,  and  opens  into  it.     The  radial  vessels  may 
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have  ampullx  and  lube  feet,  as  in  sea  urchins.  But  there 
are  many  divergences,  eipecially  in  the  rcduclioi)  of  the  tube 
feel  areas.  Instead  of  tube  feet,  or  along  with  them,  there 
are  often  conical  [iiocesses  or  papillie  without  terminal  diKcn. 
These  arc  especially  common  on  the  doTital  surface.  The 
blood  vascular  system  is  not  very  definite,  and  seems  to  con- 
sist mainly  of  spaces  in  the  connective  tissue,  <^.,  around  the 
pharynx  and  along  the  intestine. 

The  sexes  are  umally  separate-  The  reproductive  organs 
do  not  exhibit  radial  symmetry,  and  are  branched  tubes 
which  open  within  or  just  outside  the  circle  of  tentacles, 
'['hey  and  other  internal  organs  of  Holothurtans  are  often 
vcr>-  bri(;htly  coloured.  The  laf%a  is,  in  most  cases,  what  we 
shall  afterwards  describe  as  an  Auncularia.  Sometimes, 
hoH-ever,  the  larval  sla^e  is  skipped,  as  in  Cummaria  croita 
and  Piolui  ef>hifpig€r  where  the  eg^'s  and  young  are  attached 
to  the  back  of  the  mother.  In  Cvcumaria  lavigata  there 
is  an  invaginated  brood  pouch ;  in  Synupta  vhtfiartt  and 
others  the  body  cavity  serves  as  .-t  brood  pouch. 

The  calcareous  plates  of  Holotiiurians  are  found  as  far 
back  as  Carboniferous  strata. 

ClafsificatioH. 
I.  ElAHpoda  ;  piimilii-c  ilccp  toi  fomu.  bilatonlly  lymmctrical,  with 
lulw  ha  on  ihc  imtml  mrhw  only,  nnd  nilh  pomlUi:  on 
ihe  \mcV.     Tlic  Mnne  canal  ofii:n  opcni  cxtcnutlly  Xrfa. 
pore.    There  uc  no  rcipiraiory  irco. 
t^;  Xil/fi,  Elftdia. 
1.  Pcdxia  ;  wlih  wcU-rlcvelaped  tutic  (cc(  nnd  udiILt. 

tf.,  HiiMkuria.  Cmumarii,  Pmui. 
j.  A|»da :  u-ilhout  nwlial  ouuilit  tube  l«ct,  or  rapinHary  (reo^ 

t^.,  SyHaf^a,n  renuuluiblc  inimul.  npcclilly  apt  to  break 

lx«tilifut  ciJaKoiu  unchnrt  ftnil  pktet  in  ijii;  kkin. 
Semper  hu  doeriboi  a  iliwigi:  >.nima].  Rhefaitdimt  lagaii/crmii, 
finm  tlic  Omeo  couil.     It  a  like  o  (;U)lniIar  fkuk.  with  moulh  uxij,  nnai 
clwr  Icccchcr  Hi  the  narriiw  riiil.  with  ten  ninliulftcnJ  utou. 

Clais  Ckimoiuka.     Feathkk  Stars. 

Commonest  Type,  Antedon  raiattut. 

The  featlier  stars  or  sea  lilte^t  differ  from  other  t^chino- 
derins  in  licin^  fixed  permanently  or  temporarily  by  a  jointed 
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sialk.  The  modern  Comatulids,  t^.,  the  losy  Tcather  star 
{Comatuiii  or  Anfedon  rosatfui)  leave  llieJr  sialk  at  a  certain 
stage  in  life ;  but  (he  other  Crinoids,  e.x.,  PtHlacrinm,  arc 
[lermiineiitly  stalketl  hke  ahiiost  all  the  extinct  Htone  lihes  or 
encrinitcs  once  »0  nhundanl.  Most  of  them  hvc  in  deep 
w.-ttcr.  and  many  in  the  tp^it  abysses.  An  anchorage  is 
round  on  rocks  and  stones,  or  in  the  soft  mud,  and  great 
nunibL-rs  grow  together— a  bed  of  sea  hlics.  The  free 
Comatulids  swim  gracefully  by  bending  and  straightening 
their  anns,  and  they  have  grappling  "  cirri "  on  the  aboral 
side,'whi;re  the  relineiuishea  sulk  wo*  attached.  By  theae 
cirri  they  moor  ihansclvet  tempontrily.  Small  organisms- 
Diatoms,  I'rotoioa,  minute  Crustaceans — arc  wa^cd  down 
ciliated  grooves  on  the  arms  to  the  central  mouth,  which  is 
of  course  on  the  upturned  surface.  Some  membciK  of  the 
class,  e^.,Ci)ma/H/a,  are  infested  by  minute  parasitic  "worms" 
(Mytoslomidie)  allied  to  Chsetopods,  which  form  galls  on  the 
arms,  A  lukt  arm  can  be  replaced,  and  even  the  visceral 
mass  may  be  regenerated  completely  within  a  few  weeks 
after  it  has  been  lost. 


Thci,nimalcDn*Uiio((i)i,cupor  calyx.  |l)  an  oral  disc  formini;  the 
lid  of  thit  cup,  I3]  the  ntitUlini;  " aniii," and  (4)  the  tUlk  lupportint;  the 
whole 

The  calyx  cwmUIi  of  ihr  lAtimMi  s^nicnlurihchinlli.accntrii-cliiruil 
plutC.  aJiJ  •even]  ram  uf  istW  [ilAln.  wlilch  Iciul  ■>()  tu  llie  l)ntchifll 
ptnlci  •>(  lliv  armi.  When  Conuiluliili  liii-ati  off  U\m\  iheit  lun'al  sialk, 
Ihcy  enrty  wiih  Ihcm  Qie  <cn(ro-(lniul  pinit.  lC./>.  in  Fig.  79).  which 
beoamci  llie  central  pan  uf  their  csilyx.  and  Ikhii  Ihc  ciui. 

Thv  oral  djtc,  turnol  iiimanlii.  it  i>upportcil  by  pUlck  Here  the  aniu 
alM)  1%  kitiinlcil.  The  siintt  iitimtly  iinuich  in  il ichtiloniou«  fiuliiun.  nnil 
thiUi  irn,  Iwi-iilt'.  OT  more  inu)   ^li.c  ftiini   the   orii;intil   live.     Iliil   ihr 

SPuwiiiu  jminl  i^onlintim  It)  twk  ilitliiilfinouity.  like  the  lia.(  uf  niBny 
itnt,  anil  »i  oKh  Hlloriiiilc  fork  tcm»iiit  thoil.  a  i1uu)>U'  nciic>  uf  luierxl 
"  irinnulcs"  Tciiiltn.  The  anns  nfv  hupportuil  ]rf  ratcarcuus  ptAlci.  llii; 
itilk  iiiunlly  conibii  of  numccou»  joinii,  isiwcially  in  exiinci  lutint,  in 
loMc  of  which  il  nicBiuicd  over  fifty  (cct  in  Icnjith.  Eicept  in  lUlt/fus. 
an<I  in  ihr  >talkc<l  iititgc  of  AitfeJaa,  the  tUlk  bean  iBtcral  dm, 

Tlic  iieooiik  nytleiii  w  icRia>k«li|c  in  iicing  double  On  the  uplumcil 
Hurfaix  cif  nich  mid,  beimlh  ihc  Taxi  walUi^;  ci1kl«tl  groovci,  (here  ii 
a  Mbcpithelia]  nervoiit  Isml,  prololily  in  grcill  yut  *CMOry  (Klg.  79,  i). 
Thete  lsn(l>  irc  unilcii  in  a  rm^  or  picxut  luound  the  moulh.  Ito  btt 
the  Crinniil  it  like  a  «lnifish.  But  un  Ihv  <l»na1  luriai-'e  ihe  niain  mu* 
lid—  an  antanilnilocral  motor  and  tcntoiy  ncn'Oiu  nitcm,  coniisliii|;  uf  a 
ecniral  mptiilc.  with  hcanchct  to  the  cirri  and  to  the  anm  Id  and  a  in 
'^V'  79)-    Cu^ot  ouciu  thni  lliik  tj-itein.  lhou|[1i  to  a  i«r}'  tlleht  txieia. 
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it  ajM  f^ntsraliM  in  tutfiihok  Apul  (rotn  the  w>|>c>rii.-U1  «pillirliuni 
Ihwe  OK  no  imsory  *tnictnf et 

The  dlJAicd  food  mul  dn>:cnils  from  Ihr  muutli  into  the  cnp.  vui 
■wn  up  npio  I'l  llie  nniu.  which  i*  uiiM-tlr  cx-Anttic  inpMitioo.  The 
Imi  pari  of  (hi:  h;>il  \-^  ci|»iii!cil  lo  ditm  an  aiml  lube,  trhich  iluring  life 
It  in  rcimiinl  itinvi-mviil,  ^tn^l  \v»>.  iij)^tticiii!y  n  rct|dnuniy  fnnclJnn. 
Krom  (he  tup,  where  ihe  Imly  cxvily  i«  in  K"'-»'  !>*"  fi""'!  *'■'>  «"• 
necliiY  li»ue  and  nrcnns.  luri  civloinic  mnnli  ntelut  itiln  each  »f  ibe 
unu.  They  eommunlcatc  aX  the  ipicn  uf  thi.- irni(ui(I  pinmila,anil 
curTcnU  piiK  up  one  ninl  cIohti  ihe  olliei, 

Tlic  IJooil  i'n«cnUi  ijiieni  ranvii.it  of  n  circumornl  ring,  which  i»<oti- 
noelcl  with  a  tnilial  voacI  uhiIei  uu'h  nmliiilacinl  ncire.  mil  with  n 
ef(CUin(CK>tiliilgcil  ploui.  Then-  <>>  :ilhri  u  "  plcxilVxm  nrgAn,"  '*  lying 
intorratliil^  in  Ihe  ditc  anteriorly  to  the  ninuih  "  (^  in  Ki^,  79).  It  en* 
cloMS  the  nnen  ccninlpart  uf  Iheiepiuiluclivvtytlem  |Ihe  hxihI  gtniitul 


Fi(^  79.— Diagramnutlie  irtiical  wctiim  thrauBb  ditc 
and  bMC  i<r  mic  if  Ihc  ninu  of  Antcilon  Romccuk  (Aftct 
Uiun«  Maksiiau.) 

TIm  KrlUm  U  Inttrmlljil  on  <ha  Irfi.  r*>Iial  (in  Ihc  riabl.  >.. 
ciliMvd oiMningB  in  budyval]:  A. ,  vubctnlhetiol  nntbulacrsT  nvrrc i 
/■•  *«t*r  ^^atfiiTar  ahiL  k-,  unEai:!*;  r-,  mcputh  ;  f-»  iiiiavtjnf  ;  f,, 
CVIIr*i  vl<*u^  *>'^  '-ilinn^lifrv-l  orfUl"  Al  lU  bw;  J?i,'A^l, 
nidliil  p1jii«;^'',.lin<hii]  I'laiu;  *-,iiiukc]c:  «,,iudAl  ncEV«  cvfq; 
*l.,amniilai|wul«  ;  f./'.,  Mriin-iloT«lpU»;/.,ti[Ti;  f.,  tmiHhx 
Inn  «wlrfet  CAptuIr  to  ,.lfri, 

Klobm).  anil  h<u  cunnectinnt  with  Ihc  aboi't  iiiciilloni'il  pleiii'.  with  Ihe 
TCHcU  U)  (he  'irgHD--.  nn,!  nith  ;i  •lnin);c  "<:hHinlic(vil  iir|;iiii  "  which  lit* 
within  the  ccnlral  atioisl  neriiiut  >ytteni. 

Ttir  wntci  tuculu  lyttrm  conKiitt  ai  usual  uf  a  tircuinutal  rinf;  nixl 
lull  ill  leueU  ThcK  licuniler  iheconrnpunciing  blood  ruculor  ^y^lr^l. 
Bill  the  »J>tcni  ii  divc/gent  in  several  wnyi  \  (a|  »-j1«c  |>iLuet  inlo  ii  hy 
MVCRil  etliatcd  and  branched  wmei  lube»  which  hane  from  ihe  line,  anil 
from  the  coigim  of  the  tailial  v(«4cU,  inlo  the  Ixxiy  nvity ;  (t)  waici 
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pBttCi  from  th«' wictior  intn  ihc  Imdy  nviiy  In  niiTncnn»ll50O"n  ihc 
•ibe  of  AmtnUn  TKiKea\  rili«[cil  vrnier  jwir*  whirh  jiincc  ilir  rliw,  nnH 
HHneUmci  Ihi;  ani»  nl»ii  i  (< )  "  ihc  imlial  wnlirr  vntcular  vmrh  givv  olT 
ultcmilely  to  ihe  righl  ind  left,  in  eniu|u  of  (hTce  ench,  dclkair  tubular 
bnmchcs.  mpirtiniy  in  funi^iian,  which  Tonn  (he  lentaclci  hnmologaui 
with  tube  feel." 

The  iota,  axe  uparme,  anil  a  nroccu  aifrgcilive  of  iciual  union 
hu  licen  cAnavti  in  AnittlMi.  The  rcpraduclive  orgkn*  cxlcnil  at 
tubular  BtiancU  bom  (ho  ditc  along  Ihc  mmi,  Uii  are  rarely  funcltnnul 
GKceul  in  Ihe  pinnulci,  from  each  of  which  thu  dcmcnit  huni  uiil  liy 
on«  duct  in  femtJci,  t^  one  or  iwa  fine  cacalt  in  main. 

Thcic  are kbmit  400  living  iipcciei  in  iwdvc  ([enerB,  liut  aboui  IJOO 
cpcclet  in  100  eeneRi  are  kr^awn  imta  the  lockfc.  Thv  clau  iii  Dbvioiuly 
decnileni.  Ii  in  t«|irLtcnic<l  in  (hcCamtirkn.anil  atuincit  lu  muimum 
dovdiipincnl  in  Silurinn.  DrvDi^an,  and  Caibonifcraiu  linim. 

The  mil  cilutii-d  \a1\3  of  Milideu,  the  only  one  known,  ii  Ion  quaint 
than  ihai  of  oiher  Eehinodermi. 

Clastifiaition  of  Crinoidea. 

\,  I'aln^ii-crincrjilca  (=  Teuelals].     Pal^romic  fumu.    The  q'mnictry 
of  (he  calyn  ii  nui  alwajv  poilameruu*. 

a.  Neo-crinddca  ( =  Aiciculua  -t  ffulof'tii  2nd  AtarmpUti). 

Me«woic  anil  recent.  The  oAyx  alwAji  hai  penliuiicritui 
mmmelijf.  The  recent  form»  include  ihe  hiallted  pMlairima. 
fHioKnimi,  &"/.,  and  Ihe  free  ComnlulidH,  which  pAM  throt^h 
a  ilalkeil  PtMa.-ritui  iluge,  i^^  AlieJan. 

Uahptii  i»  n  remarkable  ileeptca  form  with  diiecl  anceslon 
in  Ihe  tipper  Silurian.  Atarat/ita  i>  att  exlincl  Crinoid  which 
had  nu  (talk. 


Class  Blastoioea.    Wholly  extinct. 

T1ieBbu(oi'i->arc  fiml  frmml  in  Ihe  Up|H-i  Silurian,  birr  ihan  Cpiuiilt 
and  Crindd) ;  Ihcy  hA<l  Ihcir  gulden  i^e  in  the  Carlymifctous  and 
Devonian  limes,  but  ihen  tlinppeaied.  Their  Inrly  wu  ovaic.  with  li>c 
nmljulacral  nreiu,  wiih  mch  groove  of  which  jointed  pinnula  were 
BiMxIaled. 

Class  CvKTOiniiA.     Wholly  cJttinct. 

The  Cysioidi  ire  lini  found  in  the  Lawet  Silurian  rocks,  ha^  ihdr 
golden  we  in  Uopci  Silurian  timet,  and  dieil  out  in  ihe  Culnniferout 
Rgei.  Tnnr  body  wo*  o\mc  or  elohular,  *ctMlle  or  ihoiily  tlilkeil. 
cflVcrerl  with  {mlyj^nul  gilalei  oflen  iTrqj^larly  otraneeil.  Some  (uireord- 
in(!  t"  Hdl,  llir  more  (itiinilivc)  type*  were  "  never  fueil.  an<i  ii.vl  no( 
fiipil  ani-e»lotv'*  Thej-  htdi  uiunlfy  lo  hate  borne  Iwo  lo  fi\*c  (eeUe, 
unl  iraiichr<l  iimi. 

BothCyMoidiand  lllailoid«  Mcm  to  have  Iwen  half  tmothciwl  inljmc, 
and  pcihnp*  Ihit  i(  in  part  Ihe  expUnatlon  at  iheir  exiincllim. 
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DevelefimtMt  oj  Efhinodtrms. 

The  ovum  undergoes  tola]  scgmenlation,  and  a  hollow 
ball  of  ceHs  or  btait(i«i>hcre  tesulu.  Apart  from  (wo  alleged 
caies  of  (Iclaminattim,  the  enstnila  is  always  (oruied  by  the 
invagination  of  this  hlonnsiihcn;.  liclodcrm  and  endodenn, 
or  vpibJast  and  hypoblnsc,  arc  ihuB  established. 

The  mcHiblasl  has  a  twofold  origin  :  (ii)  from  "  mesen- 
chyme" cells,  which  immigrate  from  the  invaginaicd  hypo- 
blast into  the  sci^mentaiion  cavity ;  {t>\  by  the  outgrowing  of 
one  or  more  ctelome  pouches  from  the  gastrula  cavity  or 
archenteron.  It  i*  thus  that  the  body  cavity  and  the  rudi- 
ments of  the  water  v^ismlar  system  arise. 

According  lo  Hertwtg's  fiindnmental  thesis  this  double 
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(.  S«llinar  Uumkol  Sumatra  <lir-l*l*  (l[Dlolhirn>i<!l  irhh  ■ 
hiB[  of  (kuruUiion :  >.  Scctwa  of  Guuula  cf  Tittrfn^miUt  hm/i^ 
tftimnu  (ua  Mirhln)-.  tt.,  KtoAtim .  m,  •ndndHm:  m,,  xr 
n«altlton  c«vliy  u^SlIi  cnet<ficlr)'nir  *.r\U  Ut  fi ;  \  SwrLnn  nt  \biYx 
of  Astrrima  giUsum  (UAftikh  }\  tJ.,  bIuio|urc ;  C ,  mcxnlnoii  t 
f./.,  Tuo-pMiwiInl  rMds ;  r.  and  /.,  ri(lii  and  lifl  M*t. 

origin  i»  a  primitive  condition,  and  the  mesenchyme  here, 
as  always,  is  non-cpithcli.il  and  gives  rise  to  the  connective 
tissues  and  to  the  va<;cular  system,  On  the  other  hand,  it 
has  been  averted  thai  in  Echinodcrms  the  mesenchyme  is 
not  purely  a  "packing  (issue,"  bm  may  acquire  a  distinctly 
epithelial  character.  Many  uf  the  early  mesenchyme  cells 
are  calciferous,  combining  to  form  the  larva  skekton. 


BCHINODERMA. 

The  faimi  is,  first  of  all.  a  slightly  modilied,  difTusely 
dlialed  gastnila.  It  becomes  more  modified,  but  preserves 
a tnlateral symmctT)-.  In  Holo[huTDids,Echinoids,  Asteroids, 
and  Ophiurotds.  the  larva  becomes  quaintly  modified  by  the 
out^iowtli  of  external  mooesies,  and  the  formation  of  special 
ciliated  bands.  1'he  Lura  of  CVinoids  (i>.,  of  Amttdvn  only) 
is  not  so  divergent. 

The  larva  docs  not  grow  directly  into  the  adulL  On  die 
contrary  the  aduU  arises,  for  the  most  pan.  from  new  groirth 
within  the  larva.  The  structures  peculiar  to  the  laxva  are 
ab9or)>ed,  or  in  part  thrown  olT,  Only  in  a  very  few  cases 
Is  the  development  direct. 

FoUowiog  the  exocIlKit  account  of  Kchinodenn  ilcTctepmml,  in  (he 
VtrglmkeHiit  Eittwi<UtMgmstAKkli   drr  nirirlUuH    7»iirtii  (JclM, 

1890),  by  Konchelt  and  lIcMcr,  we  <&K)ngiudi  four  tuqtes  :— 

t.  Tit  /ifmtliiH  ^  tki  frimarjf  gtrmiiui!  laytrs.  tf  tht  mmmkymt, 

Ettoctem  nd  endodcfm  are  ooblUhol  Iiy  the  InniKiiMtloa  of  tbe 
bUMcndiere.  The  icsull  i*  a  citiaicd  guiniU.  From  the  iwnipiwt- 
ii^  enaodernih  lomevtMl  amxlioid  odii  tie  litwratcd  inM  ibe  penisling 
sqpnenlAtton  ovily,  miiI  fonn  the  maeti<rh)-inp  tiBuc  alluded  10  %ban. 
The  ^tmlanviiy  or  ktdiaitcroii  U  (he  Innrnl  mid  gui ;  ibc  bUUopgce, 
or  mouth  of  the  ([Kilnila,  tccmi  usnally  to  bocomc  the  amu:  lal  an 
invaginalioi)  taking  place  at  the  olhn  end  farm*  a  *hon  totv  pit  at 
ttomalodKum. 

3.   nt/rrmMwt  tftlu  tidereoil  (Mr  iai-ily\  aaj  Oi  i/ihw/ 
{wattr  fmuular  lylttm). 

There  b  a  close  oonocclion  iKCKcen  itie  uririn  q(  the  body  cavitj'  ami 
thU  of  the  water  rucuW  iy>tem.  Both  are  Ine  rentlu  of  an  onleioorth 
or  of  outgrowlhn  irom  ihe  gulruk  caviry  or  archenleron,  into  the  uir- 
TOundlng  ipnoe  tctvrccn  endoderm  *bA  cciodcnn.  At  ihejr  hare  a 
eonnion  <in|rini  Ihc  aiii);iowih  oi  ouq^wthx  which  give  riac  to  entcroocfl 
and  hydtociri  may  be  tenocd  va>ia'|«ri(aneal. 

There  a  ool  pnftcl  agrtcmcM  u  to  thia  united  origin,  hut  iIm  bJlow- 
ing  bini  ai«  i^nerally  tecoK"'*^- 

to  Holoihuroidi  there  ii  a  single  ouitmiwih  vihi<h  gives  rae  to 

both  body  enviiy  ami  water  voscuUi  iT«em. 
In  Eehitkoidx,  AjtcrakU.  and   Ophluroldi,  there  are  two  o«(- 
grawllu,  from  ihe  IcA  of  wluck  Ibc  wUci  vaiculat  lytCcal 
aiiM*. 
In  Crimrid*  (/futfMlm),  (hnrc  are  three  oiilgrowiht,  ibit  whkti 
pvn  riac  to  the  valrr  I'aieulai  tyitrm  bciog  independent  of 
ihe  pan  whicli  fsrn  th*  body  cavity. 
In  ina>(  cues  •  dcnal  poiv  bnnging  (he  hydiocicl  into  ram' 
■nuoicntioe  latih  (he  exterior  hu  been  delected. 
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3,  7%«  HffertHliativu  s/the  lypk«I  larval /trmi. 

The  celelirnleil  conifutntivc  aiulotnkl  inii  phyiiototHM,  lohnnitM 
MUllcr,  WM  ihc  firM  10  show  ihal  ihc  vaiioiui  ij'|t»  oi  Kthinodcnn 
laivic  migh!  lir  ilcrivvil  rtnin  one  fiindMncntal  fonn. 

"  Thii  funda.incnul  I)-|h;  u  ui  clongBled,  (mil  or  pcKt  itui]MKl  lorra, 
which  it  MNOewhot  daltencd  00  its  ivatial  si<!e.  Il  hu  anwn  itiva  n 
pxlnln,  irhdcc  blastopore  hu  iRCcniic  ihc  miu.  while  ibc  mchcnteran 
IX  bent  loaanj*  the  ventral  snrlice,  wlieie  it  communiuln  \rv  lh«  lirvil 
niciuih  « lili  the  riieriar.  Beddc*  ihoe  two  apcnurci,  the  loiri  tmi  a 
IhirTi,  n»nirly,  (he  donAl  pore  of  Iho  uratci  tiueiiUr  (jrktem.  The  cilin, 
Willi  whic)i  the  larva  was  at  Hinl  uniformly  covered,  putty  •li>aii]inr, 
anil  tienisx  only  in  minclcil  regions  or  ciliated  biuidt.'*  (Kuitclirli  »n<l 
IleiriCT.} 

OtWu'i.— The  nniplcit  Kchlnodenn  Urva  i»  th>l  of  AukdM,  a 
lonicwhnt  inodinoJ  oval,  with  lire  tniiiivicnc  rinjn  of  dlia  (the  nuM 
anteiior  i*  Ims  iliillnct),  uiil  «  ooucrlur  lennlnal  tuR. 

fftMMurmdi.  Tho  hrva  of  Holothtiroid*  (an  Ataimleria)  1«  much 
(jiwiiilcT,     Its  difiiui-  cilik  are  succctded  by  a  wavy  longitudinal  banil, 


Fic.  Si.— Korm*  of  EehlnoJcrm  Larvi.     (Aft«  Mth.r.itK,) 

•*.,  Uoulh:  a..  iDui.    TbcdkrV  Itnn  [ndlckl*  llit  cllluwl  bands. 
t.  Sup(ioBcd  jiriniilivf  lypc  rrmn  vhluh  ihe  •ariuui  Tanm  iriiiy  tv 
<i«iy«d. 
fc  AurfailarlA  oT  lt«1oIliurlsn. 
>  HipinnvUiif  AkHToid- 
4.  PluMui  al  Ophiuivid. 

which  in  Ihc  Pu^  ilage  bfoilu  inlo  traiisvcne  rinp,  uiually  five  In 
□iiinlirr.    The  prc-nnil  trf^on  Ixcnnin  larj^. 

Atlrreiii.  Ncunt  the  Attrhitiaria  it  Ihc  Urva  of  (tartinhn.  which 
I11W  Ihc  tame  i-nLu^d  (nvoral  rejiiun.  There  are  ftmi  ciliated  ltim)i| 
of  which  the  oii-omt  is  sniallei,  the  odanal  much  Utgec.  They  arc 
exltnikil  pcriphcriLlI}'  by  the  development  of  soli  umi,  ami  luch  a  larva 
ia  known  tu  a  Htftna-xtxa.  Hut  ihix  may  be  succeeded  ^  a  Prathinlaria 
sUflE,  ia  which  thtec  wariy  armt  are  Ibriiitd  ai  ihc  anterior  iIoriAl  end, 
Independently  of  Ihc  ciliatnl  bindi. 

O^inrnUt  and  Ethiiui-ii.  In  the  PiirlfMi  tariiie  chnracleristic  of 
thetc  clones,  (he  pre-nial  region  letnaJns  snuH,  u-hilc  the  pust-atial 
region  becomes  Utse-  There  is  one  unduliiiinK  cilintol  liami,  the 
courK  oif  shich  Is  much  mtulilicd  liy  the  |[iowlh  of  i\y  long  arnin,  with 
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tnnpomy  calcanoiu  uijiporl*.     Thj*  qiMiM  fonn  b  (iltot  c«mpiml  in 

4.  TXf  m»,{i/talifH  tflkt  iarai  fnU  tit  ttdull  Sttilimtfrm. 

Thii  hislor)-  it  ti)  inlricalc  uid  ho  difficult  to  untl<n>un<l  wiiboiil 
mnilcli.  thM  II  may  Ik  bciirt  simply  10  ttatp  that  (hi-  ilcvclotmicitt  U 
IndiKCi,  (hot  ihc  iidalx  ii  a  new  loimaiiun  vtiihin  thv  lana.  i*t>lnin)[ 
the  wBict  vovular  tyilcm  snd  mid  eu),  twl  aWituie  at  reJMling  tha 
[irovtMOiial  Unal  iiiiuciuics.  A*  ceruin  pant  are  broken  down,  otbn* 
w  liutll  u]i.  <biell]r  ihroucK  the  agency  of  the  wanikrinj!  aratcbaid  otila 
of  the  mncnchymc.  Tliv  lirM  tlcin  in  Ihc  a|itiuil(tin^  of  the  adull,  tjnd 
eipccially  of  its  ikcleloii.  arc  to  tonic  rxtcnt  panilltl  in  Ihc  five  claue*. 

One  of  ihc  mMt  important  changes  v>  ihai  from  liiUleral  (o  radial 
tymmelry.  In  connection  uiih  thii.  it  hai  been  lonjcciured  Ihal  iltc 
prlmltiie  ancctlor  vu  hilnleralty  tvmmclrical,  and  ihul  the  ndialr 
nymmetiT  «ru  aci|iiitccl  hi  ouly  mmiIc  i»  todentary  Echinadcmu.  lueh 
t»  itie  Cyiitoi'l«.  Ak  wu  have  alteaily  (ccn,  the  idulti  in  Ihc  lUflcteni 
cbuBes  lend  in  ao|iiira  an  inilegieiidciit  *iirl  Kcondsry  bilulcnl  (ymmcU^-. 

Il  is  ivry  diFficull  (o  compire  Ihe  Echinoderm  lorm!.  ciTn  in  their 
limplcit  fonn.  with  tho»c  of  other  anioiaU  The  ncnrcsl  type  it  pciliapa 
Ihc  Tiraaiij  of  JlaJaitufiiinHi.  but  it  af^un  i>  veiy  unique.  One 
naturally  liiei  10  coniiuic  ihe  Echinoderm  lariv  with  the  TrDchi»phcrc 
(if  Aoiicliiis  Inii  the  liiflcientev  xk  tery  iiiurkcil. 

IWigrt*  aitd  A'f/afiMuiifi  ef  BthinaiittM. 

Cniiccrning  ihe  ruict  rclatir-h'.hijfl  nf  ihc  iliflercnt  eloswi  of  Echinn- 
deima,  there  it  Mill  cmniilirraMc  iloiitrt.  The  following  nccouni  i» 
bnwd  upon  the  iie»t  wl  furlh  by  PtofcMor  Jcfttoy  ItctI,  bul  ihc 
tliidcni  will  do  well  to  mtiie  ihii  in  thit,  as  in  nHwt  prolilcnit  of 
phyln|^eny,  ilicre  it  little  ccrtiJnty. 

The  lliilolhuiiant  hnve  no  aboral  cyiiicni  of  plutei.  uid  the  rattlnl 
ivminelf}'  'lorH  noi  effect  ihe  reproducilvc  orjjam.  Thctc  two  negiiiivc 
charncleri,  comliincil  with  unrie  p>iMlive  (>ne«,  miiy  inillcalc  that  ihc 
Holrithutiniii  nre  primilivr.  jnil.  at  it  cerliiinly  nnKiJeMed  \fj  their 
ulemDl  apiieiinnee.  hnvc  ufltnilici  with  the  tuppotvd  "  worm -like " 
ancMlon  ofKchinoilemu. 

Again,  lomc  rncnitvn.  of  the  helcNfcnous  dus  of  Cyiloidt  arc 
ctlremcly  ptlinitivc.  hut  differ  from  the  rfoloihuriani  in  the  potmflion 
of  an  ahonil  Kyhtcin  iif  I'Intn.  (Llternatrly  ndial  and  inietmdial.  From 
this  priinilive  CyttoWenn  si'xk.  iwo  hnnihc*  divcrije.  The  one  lends 
TO  Ihe  sevnie  Cv>lai<b.  Dliutoids.  and  Crinoi'lt  <  rchnatu«aa|,  Ihe  other 
In  Ihc  free  Echinoiiien.  Asleroidca.  and  O^ihhiroiden.  Of  lhc»c  Ihe 
eklMlnj;  Atieroidea  anil  (Iphluroideo  arc  Ule  diverfiences  from  u  cuinmun 
nock. 
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Serin  ARTHKOrODAr  — CUsses  Ckc^TACBA.  pBlOTOl  «acmeata. 
—Piripatm.  Mv«loi'O0A.  —  Ccnlipeiles  and  Millipede*. 
IMSIKDA.  Akachmoidka.  —  Spidcn,  Milct,  Scmplcaw. 
Paj-jukthaca.    Kin);  crnh,  Euryptcrldi.  and  TrilolillcL 

MORK  than  half  [lie  known  species  of  animals  an?  induded 
in  ihc  Arthropod  sc-rics,  for  of  insects  alone  there  arc 
said  to  be  more  species  than  of  all  other  animals  taken 
together. 

The  Arthropods  arc  in  sonic  ways  like  Annelids, — in  the 
bibteral  symmetry-,  in  the  (li\ision  of  the  liody  into  iiuccessive 
segments,  iHjme  or  all  of  which  boar  Rppcndagcs,  in  the 
plan  of  the  nervous  system,  and  so  on.  Furthermore, 
J'tripalus,  which  has  air  tubes  or  trachea:  somewhat  similar 
to  those  of  Myriopods  and  Insects,  has  nephridia  like  those 
of  .tome  Annelid.s  ;  and  the  binimoiiu  ap{>endai;ex  of  a 
simple  Crustacean  like  Affui  may  he  compared  with  the 
parnpodia  of  an  Atmelid.  But  wc  cannot,  as  yet,  do  more 
than  recognise  certain  possibilities  of  pedigree. 

It  is  also  difficult  to  discern  the  relationships  of  the 
cLisses.  Crustaceans,  most  of  which  are  aquatic  and 
breathe  by  gills,  are  often  opposed  to  the  others  (Trachcata), 
ino^t  of  which  are  terrestrial  or  aeria),  and  breathe  by 
tracheie  or  air  ttibes,  or  ponible  modifications  of  these. 
But  the  King  crab  (Limulut)  is  a<]uati<:,  and  so  were 
the  extinct  Eurypterids  and  Trilobites.  In  other  respects 
these  three  t>-pcs  arc  very  divergent,  and  ns  they  hav« 
been  much  bandied  about  from  Crustaceans  to  Arachnoids, 
it  seems  eonvenient  to  keep  them  in  a  separate  class  as 
?a)aM»traca. 
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CoKritl  Characttrisfici  »>/  Arthropods  (to  which  primirivc^ 
paiusitic,  and  degenerate  forms  present  exceptions). 

Tht  body  is  hitalfmity  s\'iHm{triial,awi  (oniiiti  of  Humfrvui 
stgHKHts  variously  grouped.  Several  or  all  of  the  segmenii 
bear  paired  jifSNttd  appeadagei  ttihoutfy  modified.  The 
euticU  it  ehitinous.  CiiiaUd  epithelium  is  aluenl,  e.xeept  in 
Peripatus.  The  dorsal  hrain  is  eitttnecUd  by  a  ring  round  the 
gullet  with  a  dimblt  ehatn  of  ventral  ganglia.  Aiwt  the  food 
canal  lies  the  heart.  The  true  or  primitive  ctflome  is  itlways 
small  in  the  adult;  the  apparent  body  eavity  is  of  secondary 
origin,  and  hat  in  it  great  part  a  blood  earrying  or  vatcular 
funelioH.  The  sexes  are  almost  always  separate,  the  repro- 
du(tii<e  organt  and  duels  art  usually  paired.  There  it  often 
some  metamorphoiis  in  the  eourse  «f  devthpment.  In  habit 
the  Arthropods  art  predominantly  aetive. 

Class  Crustacka. 

General  Charaeteristies  of  Cruttaeeans  (lo  which  primitive, 
{Nirakitic,  and  degenerate  forms  offer  excciilionii). 

With  the  exception  of  the  land  erabs,  wood  lice,  and  sand 
happert,  the  Crustaeeant  life  in  water  and  breathe  by  gills 
or  through  the  skin.  7'he  head  earrirs  two  pairs  ofanfennee 
and  other  appendages ;  the  thorax  or  median  pari  of  the 
body,  tonutimes  distinet  from,  tomeiimet  fused  lo  the  head,  also 
bears  limbs  ;  the  posterior  region  or  abdomen  is  usually  seg- 
mented, and  often  furnished  with  appendages.  The  typieal 
appendage  consists  of  luro  branches  and  a  basal  portion  lo 
which  gills  may  be  attaeied.  To  the  chitin  of  the  cutiele^ 
carbonate  of  lime  is  added. 

A  Type  of  Crust.vcka.     'I'he  fresli  water  Cre)-I\sh 
( Astaeus  fluviatilis). 

(Moal  of  llic  (ultowinc  ilcictirillun  Hill  nppl>'  alf  (u  the  t^tnicrK 
(/AwMKW  uid  Pi»iinurtu),  and  lo  lliv  Norway  LulBl«t  [Xefhrvft 
mrvigitm\  often  nikil  ■  cnylUh). 

Afode  of  Life. 
The  fresh  water  crayfish  lives  in  streams,  and  burrows  in 
the  banks.     It  is  not  found  in  Scotland,  but  occurs  her« 
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and  there  in  England  and  Ireland,  and  in  cumnion  on  the 
Comment.  It  is  absLtil  from  districts  where  the  water 
contains  litilc  lime.  The  food  is  very  varied — from  roots 
to  water  rats ;  cannibalism  also  occurs.  I'he  animals  swim 
backwards  by  powerful  tail  slrolces.  or  creep  forwards  on 
their  "walking  legs."  Their  life  is  tolerably  secure,  but 
fre^iuent  moultiiifts  occur  which  are  expensive  nnd  harAidous, 
When  hatched  the  young  arc  like  mininlure  ndutts ;  for  a 
time  they  cling  beneath  the  tail  of  the  mother. 

External  Appeamnce. 

The  head  and  thorax  arc  covered  by  a  continuous  {ccphalo- 
Ihoracic)  shield ;  Ihc  abdomen  shows  obviously  distinct 
s^mcnts  movable  upon  one  another.  .\s  indicated  by  the 
appendages,  there  are  three  gioups  of  segments  or  meunicrcs 
— five  in  the  head,  eight  in  the  thorax,  »ix  in  (he  abdomen, 
tA  well  ax  an  unpaired  piece  or  telson  on  which  the  food 
canal  ends.  (According  to  Home  authorities  there  are  twelve 
segments  in  the  ccphalothorax,  and  seven  in  the  abdomen.) 
Each  of  the  nineteen  segments  hears  a  pair  of  append- 
ages. Among  other  external  characters  may  be  noticed  the 
stalked  movable  eyes,  the  two  pairs  of  feelers,  the  mouth 
with  six  pairs  of  appendages  crowded  round  it,  the  gills 
under  (he  side  Aajis  of  the  thorax,  and  the  varied  post-oral 
appendages. 

|1]  The  vxK-tnol  »hcll  ot  culicle.  cumiKucd  of 
vniicrui  ilrala  of  diitin.  coloured  with  |^- 
Kirniii.  liMilrnni  wilh  lime  tali'  x 
The  Bonv  Wall      (a)  The  ettcxlerni,   uindemiiH,   or    hyp™lcniil», 
eonsUu  of: —  whirli  maka  and  rnnakm  the  ciitiel?  : 

(j)  An  inlftnal  CDnncctiTc  lu>u«  l«)fcr  or  iltnuis, 
with  pi(,'mrni,  blood  t-enelt,  uid  nervet, 
Inicinjl  lo  ihii  lie  the  nuuctex 

Between  the  rings  and  at  the  joints  the  cuticle  contains 
no  lime,  and  ii  therefore  pliable.  As  a  sacrificed  product 
of  epidermic  cells,  it  is  dead  and  cannot  expand.  Hence, 
OH  long  as  the  animal  continues  to  grow  periodic  moulting 
is  necessary.  I'hc  old  husk  becomes  thinner,  a  new  one  is 
formed  beneath  it,  a  split  occurs  across  the  back  just  behind 
the  shield,  the  animal  withdraws  its  cephalothonut  and  then 
its  abdomen,  and  an  emjity  but  complete  ^ell  is  left  behind. 
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The  moulting  is  preceded  by  nn  accumulstton  of  gl)-cogc(i 
in  ihc  tissues,  and  this  is  probattl)'  utilised  in  the  rapid 
(growth  whicii  intervenes  between  Ihc  casting  of  the  old  and 
the  haidening  of  the  new  shell. 

Ho*  tbarcni|;fa  Ihc  ccdyui  iii  culkle  oullng  is,  will  bt  apfiKcialed 
«he»  wc  notice  thai  ihc  corerin)-  uf  the  cyn.  ihc  hun  of  the  con,  the 
liniaic  «r  Ihe  Uac  gut  uid  hind  i;ut.  Ihe  gastric  mill,  and  the  tendinoiu 
Inwud  prakmniknu  of  the  cuticle  lo  which  u>nie  of  Ihc  mutclsi  uc 
atUcheif  MV  ul  |[0l  rid  of  and  irneHciJ.  The  moultii  oixur  in  the 
mim  month*,  cJEhl  timo  in  ihc  Tiiiit  ym,  tivc  lime*  in  Ihc  tecond, 
ibrioe  in  the  tbird,  afict  which  the  male  tnoiiUi  Iwicr,  Ihc  female  once  a 
]FCM,  Ul)  (he  oncenain  limil  c>f  growth  a  reached.  Ii  ii  not  clee,rly 
known  in  whu  fotm  the  uutmtt*  procure  the  cailnnaie  of  lime  which  U 
deported  in  the  chillnom  cuticle,  but  cipcrimcnti  made  hy  Mr.  Irvine 
at  Uranlon  Maiinc  Sutioii  |j)vrifil  ihai  a  carbonaie  of  lime  ihcll  coulil 
1m  fermol  by  cinhn  even  when  Ihc  i-liKhl  (|UHntily  oT  carboiuilc  <>!  lime 
in  MB  walei  was  itplaccil  dy  llie  chloride.  M'niliinf;  19  an  ei|ieMiivc 
Uid  ejihauiling  proem,  ami  |;re>l  mortality  in  auuciAlcil  wiih  the 
peoccn  itielf  or  with  the  dcfFncelcii  itate  which  folbwi.  The  procew 
»  •  AMdmHafic  attendanl  nn  the  advaniaee  of  armotUTc.  Inequalillcs 
In  (he  lepMC  usually  due  10  lotset  «ubtained  In  comlai,  but  ihew  are 
padoally  rapaired  by  new  {-rowth- 

I'hc  surface  of  the  body  beats  hairs  or  bristles  of  vjtrious 
kinds.  These  have  their  roots  in  the  epidermis,  and  are 
made  anew  ai  each  inoulc.  There  arc  simple  glands  beneath 
the  gill  flaps,  and  on  the  abdomen  of  the  female  there  are 
cement  gland:*,  the  vi»cid  secretion  of  which  itervex  to  attach 
the  eggs. 

Appendages. 

The  limbs  of  a  Crustacean  usually  exhibit  considcrabte 
diversity  ;  in  dilTcrenl  regions  of  the  Injdy  they  arc  adapted 
for  different  work  ;  yet  all  have  the  same  typical  structure, 
and  begin  lo  develop  in  the  same  way.  In  other  words, 
tbcy  are  serially  homologous  organs,  illustraiinft  division  of 
lalwur.  Typically  each  consists  of  a  two-jointed  Iwsal  piece 
(ffvfiifodite),  and  two  jointed  branches  rising  from  ibis — an 
internal  endopoditf  an<i  an  external  txopodite ;  bul  in  niany 
the  outer  branch  disappears.  The  prolopoditc  has  usually 
two  joints,  a  ha-^\  or  proximal  coxopodiic,  and  a  distal 
basipodite;  the  iWc  joints  which  tht  cndopoditc  frequently 
exhibits  are  named  from  below  upwards^ ischio-,  mero-, 
carpo-,  pro-,  daciylo-podites— details  of  some  use  in  the 
comprison  and  idcntiricaiiun  of  siiecies. 
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THE  APrENIlAGES  OF  THE  CRAYFISH. 

N«. 

Kamr. 

PuacnoH. 

Snixm-H. 

, 

Anicnnsln   (rn- 

Tacfilc,        oWtaarr. 

Tyi«al. 

wdt) 

wUh    «Ar    >u    4( 

Iw.                                                                                        1 

• 

AnitnnB  (pn- 
ctalT) 

MuidibW 

Smull  atafoditc. 

) 

MutkawiT. 

Faui  jolnlh  of  wIlEfh  Ihrt* 

fvim  ih«  poJp  (cndopodirc 
ind  anpit  loUiI  of  Brmopii. 

1* 

dhc). 

4 

Itl  MulJljB. 

1 

Thin  ilnzle  Jolniid  ptoupo. 
dilt,  ihiiiali  Biiildpadll*.  no 

nopodiic. 

) 

and  Mfjiillc 

ProdiHH     rB|i[Tih- 

luiu      vndopadit*.       (tie 

lorj  curruu 

"l^lcf"   ii   (orm«l   Ittjm 

iIh    «[ifjniilln,     pfob»Wy 

6 

Alavv  wUb  the  <]iD|*^irr. 

T 

Tliln  ptwoiKidlie,  mttlE  «i- 

riBpadiu.  Imkb  eiopoilll*- 

3 

tnd  MuilKpodci 

! 

IVo-joioHd  imopediis,  five. 
Joini*!    rndopodiu.   lone 

§ 

jnl  Muillipsdu 

MiMkuoqi. 

Two  ■  joinMd      prDiBiiadiK. 
\uu    tfnV'  iDlhIdd     Cddo. 
PChTlk.  tl«nil«  <topodi(t. 

|g 

9 

ForccpH  (cbwkO, 

Ki^btintp  Kuinc- 

No  «kO|AlEie.     In  iht  daw            , 

Lhvlcut  joini  IktviakkJn*!* 

lO 

ptDEonBAi  ion  vt  \bt  jficood 

II 

kr              M 

** 

>■ 

ri 

WllhOU'  CbwL 

■S 

H 

OfDUgl     Ghptnlng     In 
auUc 

•■ 

u 

UadiAtd      unlm- 

/S^rve   En    ihf   niAk 

l>roia|»dlit  ami  (ivIopHllia 

mcnet  ifk   nule. 

<     b  <afiAlt  Tot   Ihc 

form  «  CVIUI L IIU  BkjtfpLMtllCi 

[d   fomil*  null-    I    heminol  fluid. 

1 

IJ 

BKniuy- 
Mnlifinl     »im- 

laf***  En  ouLt^ 

All  Ilia  Ihm  psni. 

h 

iMrmAl  in  1'«iii>le- 

•i 

SwlmiiKnu.              Man    illchily   III* 

■1 

^ 

IS 

.,                           atn,     uiit     mny 

„                           Ih(   (Ui    h    lin 

It 

(finals. 

■9 

flicM  ptddlo.           npsnui    <n   miia- 

II 

• 

1^^ 

L 

^ 1 

MUSCVi^K  SYSTEM. 


»JT 


Wc  can  bncy  haw  thr  OnMUce*n  Ibtni  of  llinl>  mi|,-hi  aiiiff  from  iho 
UnmoM  parapwliuin  of  a  Polfchictc.  Tlip  hatd  diiiinniH  cuticle  of 
(he  Aflhropud  mitkci  jointi  paiailjlc  and  ncccsur)-,  \a  legaid  lo  ihc 
farcKoioe  list  it  ihould  \k  Doled  Ihai  ihc  cj'e  ilnlki  are  no  loiwcr 
included  in  the  atna  want:  thdr  dcvclopmcnl  it  nol  like  thai  oC  Ilie 
limbii  uid,  Rioiecn'ct,  that  though  the  two  p«iix  nf  anlmnjc  lie  fai  in 
front  of  the  niouih.  it  in  pwaible  (h«i  ihej'  wcrr  OTii:iniilly  iMitt>or»l. 
Wilh  iiutny  of  llic  Ihunidc  apptiMltBM.  c'l's  [■''^Ic-likc  cpipodilct,  und 
MUi  M«  aiaocialal. 

It  ii  iDlecalinK  to  coonvct  the  ilnifiuic  of  Ihc  apucndagti  wiih  their 
fniKlimitt.  Thui  it  n»r  be  seen  thai  the  creat  paddlci  luc  full}'  iptead 
when  the  crayfiih  drii-a  Jtwlf  faackwanU  wiih  ■  itiokc  of  iii  tail,  while 
in  llnii|thlenin|;  anin  the  poddlo  arc  drawn  inward*,  and  llic  oulcr 
joint  of  (he  eixi|mSlc  tvndh  In  tuch  a  nav  that  the  fiicliin  Ih  rclucoil. 

li  i>  likol)'  liinl  ncimc  iif  (he  ciowdnl  inouih  larlt,  t.^-,  the  Uni 
ttiAtill:^,  i[v  slmint  fuiiclionkM>  The  harri  tootheii  knob  which  forma 
ihi-  t;iTnirr  fori  of  Ihe  mandible  ii  obriouily  well  ndaplei]  to  iii 
ciu^hir^g  work. 

In  connection  with  the  Hkckton,  tlie  stutk-nt  should  also 
notice  the  bcnk  {rostrum)  projecting  between  the  eyes  ;  the 
triangular  area  (epistoma)  m  front  of  the  mouth,  and  the 
slight  upper  and  Ioh-ut  lips  :  how  the  gills  arc  protected  l>y 
bientl  l)ai»  o(  the  l)udy  wall ;  that  each  |)osterior  sejiment 
oonsiit)  of  a  dori^l  arch  (ttrxMin),  «ide  flajM  {pleura),  a 
ventral  Iwir  [tternum),  whili-  the  little  piece  between  Uie 
pItHra  and  the  socket  of  the  limb  in  dignified  by  the  name 
of  tpimeron.  The  hindmost  piece  {Uhon)  on  which  the 
food  canal  ends  vcntrally  is  rcgardwi  by  some  as  a  distinct 
segment,  by  others  as  an  unpaired  appendage.  The  most 
difficult  fact  to  understand  cleaily,  b  Iliai  the  cuticle  of 
certain  mouth  parts  (^x>  ^'^^  mandibles),  and  of  the  ventral 
region  of  the  thorax,  in  folded  inwards,  forminj^  chiiinous 
"  tendons  "  or  insertions  for  musclex,  protecting  the  ventral 
nerve  cord  and  venous  blood  sinus,  and  above  all,  con- 
stituting the  complex,  apparently,  but  not  really,  inttrmal, 
"  cndophragmal  "  skeleton  of  the  thorax. 

Muimlar  System. 

Ittc  muscles  are  white  bundles  of  fibres.  On  minute 
examination  these  show  dearly  that  iransverM  striping 
which  is  always  well-marked  in  rapidly  contracting  ele- 
ments. They  arc  insencd  on  the  inner  turiaee  of  the 
cuticle,  or  on  its  internal  foldings  (apodemafa).  The  most 
important  sets  are— <i)  the  dorsal  extensors  or  straightcneni 
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Bz.  Rnpudite:  Em,  mdopsdh*!  pmoradlK  dul>  (hniuliaia;  C>.  ipipadiu. 
t.  Aniomul^  K.  peailiom  erf  rar ;  a.  wiuma.  A'.  apMiiu  cff  kidrwy ;  l  iBAiiilib]*i 
/'.  palp;  1.  llrii  nuaUla:  j>MO«fid  dojiIIU,  A,  tmtn;  t.  nni  nUHilllpKit ;  ;.  wwid 
niuiilil^e:  e.  ihMniuiUipcdc— (lMli«wIJ>^lo(proW|>odil(b<«lMcaD«dUt. 
<hr  »eqi  Ict^ipodii*;  iTh  live  Jirima  of  (he  cndoppiin  w  caL1«d,— ^■chiapodita (0 ■ 
nicnpoijiu  <■■}:  aipoparih*  {(}l  pr«psdiu  (/);  lUnrloMllit  (lA;  {,  foNipc 
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of  the  tail ;  (i)  the  twisted  ventral  muscles,  most  of  which 
arc  flexors  or  henden  of  the  tail,  which  hare  harder  work, 
and  iiru  miith  lar({er  thiin  their  upjjonentx  ;  (5)  those  mov- 
JDg  the  apiKndnges ;  (4)  the  bnnds  which  work  the  gastric 
mill. 

Ntrvflui  Syttem. 

The  supra -wjiophAjjcal  ncrvu  centres  or  gniiglin,  furming 
the  brain,  have  been  shunted  far  forward  by  the  growth  of 
the  prc^ral  region-  Wc  thus  understand  how  the  nerve 
ring  round  the  gullet,  connecting  the  brain  with  the  ventral 
chsin  or  twelve  paired  ganglia,  is  so  wide. 

The  dorsal  or  supra-<esophageal  ganglia  are  \\vKe  lobed, 
ai>d  f;ivc  off*  nerves  to  eyes,  antennules,  antenn;!^  and 
food  cajial,  beside*  the  commi»Mitr-»  to  the  sub-iesopha{[e>t 
centres. 

The  sub-ocsoph.igcal  ganglia,  the  first  and  largest  of  the 
vtntr.il  dojicn,  innenaie  the  six  pairs  of  appendages  about 
the  mouth.  There  are  other  I'lve  ganglia  in  the  tliorax,  an<t 
six  more  in  the  abdomen. 

Though  the  ganglia  of  each  pair  are  in  contact,  the  ventral 
chain  is  double,  and  at  one  place,  between  the  4lh  and  5th 
ganglia,  an  artery  (sternal)  passes  between  the  two  halves 
of  thi;  cord.  From  each  pair  of  ganglia  nerves  are  given 
off  to  appendages  and  muscles,  and  apart  from  the  brain, 
these  minor  centres  are  able  to  control  ihu  individual  move- 
ments of  the  limbs.  In  the  thoracic  region  the  cord  is  well 
protected  by  the  cuticuiar  archway  already  referred  to. 

From  the  brain,  and  from  the  comniiv%ure  between  it  and 
the  sub  oesophageal  ganglia,  nen-cs  arc  given  off  10  the  food 
canal,  forming  a  complex  visceral  or  stoma  to-gastric  system. 
Similarly  from  the  last  ganglia  of  the  ventral  chain,  nerves 
go  to  the  hind  gut.  If  the  brain  be  regarded  as  the  fusion 
of  two  [xiirs  of  ganglia,  as  the  de\'clopment  suggests,  and 
the  sub-oesophageal  as  composed  of  six  fused  pairs,  then 
these,  along  with  the  eleven  other  pairs  of  the  ventral  chain, 
gire  a  total  of  nirwteen  nerve  centres,— a  pair  for  each  pair 
of  appendages. 

Snuory  Sj-sttm. 

A  skin  clothed  with  chitin  is  not  likely  lo  be  in 
itself  very  sensitive,  but  some  of  the  seta:  are.    These  arc 
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not   mere  outgrowths  of  the  cuticle,  but  are  continuous 
with  the  living  epidermis  beneath,  and  though  some  arc 
only   fringes,    both    expenments   and 
hiMolc^cal     exam  i  nation     show    that 
othcrN  arc  Ittetile. 

On  the  uoder  surface  of  the  outer 
fork  of  the  anicnnulcs,  there  arc  special 
innervated  seta:  which  have  been 
credited  with  a  ime/limg  function. 

Other  likewise  spcciaUscd  Iiairs  haire 
!iunk  into  a  sac  at  the  base  of  the 
aniennules,  and  are  spoken  of  ax 
mtdiltry.  The  lac  opens  hj-  a  bristle- 
guarded  slit  on  the  inner  upper  comer 
of  the  expanded  basal  joint,  and  con- 
tains a  gelatinous  fluid  and  small 
"otoliths"  which  seem  to  be  foreign 
particles.  This  "car"  is  somehow 
connected  with  directing  the  animal's 
movements.  In  some  Other  Crus- 
taceans, the  auditory  hnirs  arc  lodged 
in  an  open  depression  ;  this  has  be- 
come an  open  sac  in  the  Crayristi,  a 
closed  bag  in  the  Crab. 

Small  haiis  on  the  upper  lip  of  the 
mouth  have  been  said  to  have  a  tasting 
function,  liut  imagination  '\%  apt  to 
help  conclu.sions  as  to  the  precise 
nature  of  the  *ensiti*-ene«  ot  such 
simple  structures. 

The  stalked  eies,  which  used  to  be  'f?!'""  ?'.'''<  ^**'*'; 
r^rded  as  append.iges.  arise  in  de-  ^^^"^-  "■  "^^"""■l 
vclopmenl  from  what  arc  called  "pro- 
cephalic  lobes"  on  the  head,  l^ey 
are  compound  eyes,  that  is,  they  con- 
sist of  a  multitude  of  elements,  each 
of  whidi  is  structurally  complete  in 
itself.  On  the  outside  there  is  a 
cuticulnr  cornea,  divided  into  square  focMs,  one  for  each 
of  the  optic  elements,  'llien  follow^  a  focussing  laj-cr, 
corresponding  to  the  epidermis,  consisting  of  many  CT>-stallinc 
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canes.  Each  crystalline  cone  is  composed  or  four  oTsiallinc 
celb,  which  taper  internally.  Internal  lo  each  crystalline 
cone  lie  a  number  of  rclinula  cells.  The  innermost  of 
these  surround  four  little  red  rod»,  united  closely  into  what 
is  called  n  rhabdome.  At  itx  ha.ne,  a  nerve  fibre  enters 
from  the  adjacent  optic  ganglion  at  the  end  of  the  optic 
nerre.  ThuK  each  clement  coriMsts  of  corneal  facet,  crystal- 
line cone,  and  relinuta,  and  the  rclinula  consisls  of  internal 
rhabdomc,  and  external  rclinula  cells.  Between  the  in- 
dtridual  optic  elements,  lie  some  pigment  cells.  Opinions 
dtfler  as  to  the  visual  powers  of  C'rustaccans,  but  iheir  eyes 
are  able  to  form  images  of  eicternal  objects,  and  these 
images  are  erect,  not  inverted  as  in  the  eyes  of  Vertebrates. 

Alimentary  System. 

The  food  canal  consists  of  three  distinct  parts,  a  fore 
gut  or  stonaiodieuin  developed  by  an  intuckinj^  from  the 
anterior  end  of  the  embryo,  a  hind  gut  or  pr()rti)da:uii) 
similarly  invaginated  from  the  posterior  end,  and  a  mid  gut 
or  mcscnteron  which  represents  the  original  cavity  of  the 
gasttuto. 

The  mouth  has  been  shunted  backwards  from  the  anterior 
end  of  the  body,  so  tliai  the  antennules  and  antennic  lie  far 
in  front  of  it.  The  fore  gut,  which  is  lined  by  a  chitinous 
cuticle,  includes  a  slion  gullet,  on  the  walls  of  which  there 
are  smalt  glands  hypot helically  called  "sfllivar)-,"  and  a 
capacious  gizxard,  or  "  stomach,"  which  is  distinctly  divided 
into  two  regions.  In  the  anterior  (cardiac)  region  there  is 
a  complex  mill  ;  in  the  posterior  (pyloric)  region  there  is  a 
sieve  of  numerous  hairs.  The  mill  is  very  complex,  but 
there  is  no  difficulty  in  dissecting  it  carefully,  nor  in  seeing 
at  once  that  there  arc  sup]>orting  "  o.ssicles  "^  on  the  walb 
with  external  mu.sclc*  atuched  to  them,  and  internally 
projecting  teeth  which  clash  together  and  grind  the  food. 
I'hroc  of  the  teeth  arc  conspicuous  ;  a  median  dorsal  tooth 
it  brought  into  contact  with  two  large  laterals.  On  each 
side  of  the  anterior  part  of  the  gi^Okrd,  there  arc  two  limy 
discs  or  gastroliths,  which  arc  btolceit  up  before  moulting, 
and  though  tjuite  inadei)uate  lo  sui>ply  sufficient  carbonate 
of  time  for  the  new  skeleton,  seem  lo  liave  some  relation  to 
this  process.     The  occurrence  of  chitinous  cuticle,  hairs, 
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teeth,  and  gutrolithi  in  tti«  "  stomach,"  is  intdlig^Ue  when 
the  origin  cd  the  Tore  gul  i.s  temembered,  And  so  is  the  dis- 
manlled  state  of  this  region  wh«n  moulting  occurs. 

The  mid  gut  is  vcrj-  short,  but  it  is  the  digestive  and 
abaoTptivc  region-  From  ii,  there  grows  out  on  each  side  a 
large  digestive  gland  with  two  ducts.  This  gland  is  more 
than  a  "liver,"  more  even  than  a  " tiepalopancrcss."  It 
absorbs  peptones  and  supr,  and  makes  glycogen  like  the 
VcftebrAte  liver,  its  digestive  juices  are  comparaUe  to  those 
of  the  pancreas  and  the  stomach  of  higher  animals.  'I'he 
hind  gut  is  long  and  straight.     It  is  lined  by  a  chitinous 


Fio.  84.— LoegltuiHn*)  .Scciloa  of  LoInIci,  thawing  Mone 
of  Ihe  orcwM. 
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eutkle,  ai  its  origin  suggests.     There  are  a  few  minute 
glsTKlH  on  its  walls. 

The  space  bctncin  the  gut  and  the  body  nail  is  for  the 
most  pan  filled  up  by  the  niuKcItn  and  the  utgan^t,   but 
[there  arc  iiilers|Mocs  left  which  contain  a  lluid  with  uintetKrid 
eDa.    These  interspaces  seem  to  rqncsvnt  enlarged  blood 
■use*  (a  bmnocoBle)  railier  than  a  true  Ixxly  cavity  or 
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cielomc.      Oiie  of  the  spaces  foiros  the  pericardium,  or 
cbanibcr  in  which  the  hcari  )ies. 

Vascular  System. 

Within  this  noii'inii.-icular  [lericarclium,  uiid  moored  to  it 
by  thin  inuscuiar  simnds,  lies  the  six-sided  h«irt,  which 
receives  pure  blood  Trom  the  gills  {via  the  pericardium) 
ind  drives  it  to  the  body. 

The  ancrial  s)-stcm  is  well  developed.  Anteriorly,  the 
hcAil  gives  oflf  a  median  artery  to  the  eyes  and  antennules, 
a  pair  of  arteries  to  the  antennx,  and  a  pair  to  the  digestive 
gland.  Poiteriorly,  there  ixsues  a  single  vessel,  which  at 
once  divides  into  ii  luperior  abdominai,  running  along  the 
doninl  surface,  and  a  sternal  which  goes  vertic4illy  through 
the  body.  This  sternal  passes  between  the  connectives 
joining  the  4th  and  5ih  ventral  ganglia,  «nd  then  divides 
into  an  anterior  and  posterior  abdominal  branch.  All  theire 
arteries  are  continued  into  capillaries. 

From  the  tissueii  the  venous  blood  is  gathered  up  in 
channel*,  which  are  not  sufficiently  defined  to  be  called  veins. 
It  is  collected  in  a  ventral  venous  sinus,  and  passes  into  the 

g'Us.  Thence  purilicd  by  exposure  on  the  walei-washcd  sur- 
CCS,  it  returns  by  six  vessels  on  each  side  10  the  pericardium, 
l-'rom  ifats  it  enters  the  heart  by  six  large  and  several  smaller 
apertures,  which  admit  of  entrance  but  not  of  enit 

Tile  blood  contains  am'tboid  cells,  and  the  fluid  or  plasma 
inchldes  a  respiratory  pigment,  hiemoeyanin  (bluish  when 
oxMbed,  colourless  when  deoxidised),  and  a  lipochrome 
pigment,  called  telronvrythrin.  Doth  of  these  arc  common 
tn  other  Crustaceans. 

Rtsfiratory  System. 

Twenty  gills — vascular  outgrowths  of  the  body  wall — lie 
on  each  side  of  the  thorax.  ^licUcrcd  by  the  flaps  of  the 
shield.  A  current  of  water  from  behind  forwards  i^  kept 
up  by  the  activity  of  the  haling  portion,  (»  scaiihoj^nathite, 
of  the  second  maxilla.  Venous  olood  enters  tn«  gills  from 
atte  ventral  sinus,  and  purified  blood  leaves  them  by  the  six 
channels  leading  to  the  pericardium. 

Observed  superficially,  the  gills  look  somewhat  like 
feathers  with  plump  barbs,  Iwit  their  struaurc  is  much  more 
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complex.  The  most  imi»>runt  fact  is  thnt  they  present  a 
large  surface  to  the  purifying  water,  while  both  the  xiem  and 
the  filaments  which  spring  from  it  contain  an  outer  caiiat 
continuous  with  the  venous  ^inus,  and  an  inner  canal  com- 
municating with  the  channels  which  lead  back  to  the 
pencanlium  and  heart. 

Three  wtii  of  elllt  ate  dUtinEulilubte.  To  (he  boaU  ioinis  o(  the 
lU  H(>|iciirli(|^  froni  (hf  uxaaS  nuuilUpcde  10  llic  fourth  liU|[e  limb 
incliiiKc,  ihc  /vJi^itiuit  src  atlachcil.  They  come  oH  •lib  the 
aiipcndngei  nhcn  ihtst  tar  iiiillol  ciitrfiilly  iiwMy,  «nd  each  of  ihcm 
bcnrt  in  addiiinn  to  ihe  fenthi-tjr  poriicm  n  (iniiilr  Uunin*  or  i^jMAJV. 
The  mrmlirase*  belwcbn  ihe  bojuil  jointi  uf  the  xpiienduM  and  th« 
body,  from  the  Mcond  mtxilliiictle  to  the  fourth  luge  liinl>  indwiTe, 
bear  a  iccond  *rt,  (he  ailAnpranchi,  which  hare  no  cfHpodltct.  In 
cenneclian  wllh  Ihc  tcfomi  nmxillipcde  ihercit  a  tingle  arlhrulinknch. 
in  connection  with  each  of  the  live  tollowinc  appcndafiet  there  arc  Iwo, 
•a  thai  there  ace  eleivn  aithrohianchs  alKvellior.  Tliore  renuin  three 
^tHr^braiulii,  one  »□  ihe  epimnon  of  Ine  fifth  large  limb,  anil  two 
olhcn  quite  rudimeniai^F  '"^  ''■'^  ■*<■  ptcceding  scsmenli.  The  buc* 
of  Ihc  padobruicht  licnr  long  iclie. 

In  Nrfkrefi  and  Ihe  common  lahttct  the  number  and  ■riaDfiemcnt  of 
the  gilli  is  tlightly  diKeceni. 

Extr<tory  System. 

A  kidney  or  "  green  gland  "  lies  behind  the  base  of  each 
antenna,  and  its  opening  is  marked  by  a  conspicuous  knob 
on  the  basal  joint  of  that  appendage.  Each  kidney  consists 
of  a  dorul  sac  communiejting  with  the  exterior,  and  of  a 
ventral  coiled  tube  which  forms  the  proper  renal  organ, 
The  latter  is  supplied  with  blood  from  die  anttnnary  and 
abdominal  artcnct,  and  formn  a:t  waste  products  uric  acid 
and  greenish  giianin.  Each  kidney  may  be  regarded  as 
homologous  with  a  ncphridiiim. 

In  PalttmoM,  Ihc  kidney  is  connected  by  a  glandular  duct 
with  a  delicate  dorsal  "ncphro-pcriioncal  sac,"  possibly  ctelo- 
mie.  more  probably  an  enlargement  of  the  ncphridial  system. 

The  ctayfiih  has  oUo,  near  the  gilli.  imall  branchial  ttaniK  which 
excrele  cardnuric  acid  from  Ihc  blood,  and  alto  help  In  piia^ocyiovls, 
thtl  Imporlanl  prooew  In  wliich  wanderin);  anHclioid  rslli  rcniiil  inhclion 
oind  help  to  repair  injuric«  (cf.  pottlhlc  (unciion  of  thymus  in  Fiithei). 

Rtproiuctivi  Organs. 

The  male  crayfish  is  distinguished  from  tlie  female  by  his 
slightly  slimmer  build,  and  by  the  copulatory  modification 
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o(  tli«  Tint  two  t>Aini  of  abdomitul  appendages.  In  both 
seiet  ihe  gonads  are  three  tobed,  and  communicate  with  the 
exterior  by  paired  ducts. 

The  testes  consist  of  two  nnlcHor  lobes  lying  beneath  snd 
in  front  of  the  heart,  and  of  a  median  lobe  extending  back- 
wards. Each  lobe  consists  of  many  tubules  within  which 
(lie  spcrniaUNEoa  develop.  Trom  the  junction  of  each  of  the 
anterior  lobes  with  the  median  lobe,  a  genital  duct  or  vaa 
deferens  is  given  off.  1'his  ba-t  a  long  coiled  course,  is  in 
part  glandular,  and  ends  in  a  t^hort  muscular  portion  opening 
on  the  l:ut  thoracic  timb.  'I'hc  spcrmatoxoa  arc  at  first  disc- 
likt;  ceils  they  give  off  on  all  sides  long  pointed  processes 
like  those  of  a  Heliozoon,  and  remain  very  sluggish.     The 


Flo.  8j.— •FeinKle  tcijroiliiclivc  or^ui*  of  Cm7I!*Ii. 
[Adct  SurKOW.) 

tv,  OnriH ; «',  tiuea  pMcrior  put :  •/.  ovUuci  i  n>,  female 
•pcnun  on  tbc  Meond  mUbiig  leg. 

semiiial  fluid  is  milky  in  a|)|)cv.inc«,  and  becomes  thicker 
in  its  pastage  through  the  genital  ducts.  It  is  possible  that 
the  genital  duels  represent  modilied  nephridia.  and  that  the 
cavities  of  the  gonads  arc  ccelomic. 

The  orsrics  are  like  the  testes  but  more  compact.  The 
eggs  arc  liberated  into  the  cavity  of  the  orgaik,  and  pass  out 
by  short  thick  oviducts  opening  on  the  second  pair  of 
wallun([  legs.  A.t  they  are  laid  they  seem  to  be  coated  with 
the  secretion  d  the  ccmcnl  glands  of  the  abdomen,  and  the 


mother  keeps  her  tail  bent  till  the  eggs  arc  glued  to  the 
small  svrimmcTCts. 

Ucl'orc  this,  however,  sexual  union  has  occurred.  The 
male  seizes  the  female  with  hix  great  claws,  throws  her  on 
her  back,  and  tJepoxiu  the  Hcminal  fluid  on  the  ventral 
surface  of  the  abdomen.  The  lluid  flow:)  down  the  canal 
formed  b}*  his  first  abdominal  appendage:*,  and  thenc  »cem 
to  be  kept  clear  by  the  movements  of  the  next  pair,  which 
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Kid.  86.— Sccliun  tlirough  thcrtsof^ftenfalicr  Ihccom- 
picllon  of  i.r|^cnUtion.    (AAci  RxlCHKMiACtt.] 

«f.  Sulk  of  the  w^  ;  eh,  diutiun  «>wropc ;  A/,  wriphtf  aI  btuialtrDi, 
vjthia  vhidi  on  thf  )vllc  pframMh  (auL). 

are  also  modified.  On  the  abdomen  of  tlie  female  the 
agglutinated  »i>crma[o«)a  doubtless  remain  until  the  eggs 
are  laid,  when  fertilisation  in  the  strict  sccue  is  achieved. 

The  Dntlifmtml  hai  been  xtrf  fully  worked  uut.  and  ii  of  ioterctt 
in  bcbg  dimi,  wiiliout  the  mcUDnorphcsii  to  common  smmig  (h« 
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ArthioiNMln.  The  tphciical  uvum  ii  tunounijeil  by  a  cuticiiLti  vitelline 
mnnlvanc.  and  contauu  a  comtdcrable  quanliiy  of  yolk.  After  feni' 
liulioii  ihc  iq^cntnlion  nucleiu  divide*  in  '.he  uiuil  vay  inio  t.  ^, 
9.  inil  fo  on,  bul  Ihit  nucleai  dlvStlon  It  not  (oUoiivcil  by  divuion  of  ihe 
pluiiiit.  Evrnlun.lly  llic  nuclei,  each  surrounded  by  a  (mall  Kiiiounl  of 
protoplasm,  agnir^och  ihe  turfnce  »f  the  cjx  and  amncc  lhcuiit«li-es 
tc^uhiTly  round  il.  The  |>criphi-nil  piiiEutilitini  then  w^entt  ti}iinil 
theu!  nuclei,  and  ihut  wr  hai-c  .-i  cenirnl  core  of  untejinienlcil  yolk 
enveloped  by  n  peripheral  ring  of  tnpidly  dividing  cells.  In  Ihe  ccntial 
y«Ik  ficc  nudei  may  be  fretjucntly  found.  Ihoe  are  the  so-called  yolk 


Fui.  B7.— Ijongiludinnl  leciion  of  liter  emUya  of 
AitauHi.     (After  KKtrilR.MiACH.I 
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nuclei.     Such  *  lypc  »f  teKinenlation  i«  callsil  pcriphcnil  or  cenlro- 
ledlhal,  and  L>  i-«y  cliarttclurintic  of  Ailhrojiud  en^ 

Over  a  particular  n^un  of  Ihe  jcgnnnied  egg.  Knovn  as  the  "vcninl 
pUie,"  [he  cells  begin  (u  thicken  :  al  thii  rc^un  an  invagination  occun^ 
which  icpretcnd  the  ciuiiula.  At  the  nnlcrioi  lip  of  the  bbiloparc  Ibc 
iiK«odcnn  ajipean,  being  many  ectlcd  from  the  finL  Soon  the  blasto- 
pore cloan ;  the  cavity  M  the  nttrula  thus  Ijccnniet  a  cloud  mc — the 
nKwre  mid  KuI.     The  cclli  uf  toit  ucticnlcion  lake  up  the  eore  of  yolk 


Fio.  S8. — Emtoyo  of  CrayAtb,  lUiicii«<l  out.  with  icmonJ  ol  yollt, 
magnified  about  4O  lioin.     (After  KSICHSMMCII.) 

Ken  nuliintnii  of  tytm  mi  ■prwilif.  ind  in  ib«  middl*  lin*  tt«  nnou  lyiMm. 
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into  ihcinselvc*  in  a  iin]r  nhlch  culjr  luepMt  thcli  (bIucc  ilignlive 
(unclion.  On  ihrr  huthce  of  the  qo;  inerc  have  alm<iy  appairtd 
eetOitcrmic  (hickrninp~th«  *i>-c«Jlc^orc  Told^ — nidimcnis  of  Ihc 
Bppmda^n,  and  <rf  the  thoracic  and  abdominil  lesioni. 

in  th«  Ula  lU^n  innKinnlicns  of  [be  ectoderm  foim  ihc  foic  >nd 
hind  gat.  which  glow  iniracd  fiom  uppoulc  cndt  to  meet  the  endixlet' 
mk  mid  ful,  obo  the  ^  hlc  and  the  green  gloniU.  The  gilb  an 
fonnod  in  RRM  part  from  eciadennlc  ouimwthi  or  evu^inaiiont. 
From  the  inid  rut  the  dlgotive  j^nd  ii  budded  out.  The  bean,  Ihc 
blood  TCMcl*,  Uooil,  und  mutclct  arc  due  to  the  mnodenn. 

Ai  iuuaI,  the  nervout  t}r«trin  aritra  from  an  ectodcrmic  thickcniaf[. 
The  tre  nritet  partly  from  the  optic  ganfjlin  of  the  "tuoin,"  partly 
from  the  "  eye  folds,"  and  nully  from  Ihe  cpidcrmii. 

When  Ihc  young  cisyluJi  arc  hatched  from  Ihc  egg  ihelU.  they  itUI 
cllof;  to  thcM,  and  thereby  to  ihe  larimmcreUi  of  the  mother.  Iii  mott 
rapccti  ther  ate  miniature  aduitt,  but  Ihe  cephal»lhutax  1»  convex  and 
rtbtirely  tw]t«,  ihc  ro«lruiii  iii  bettl  down  between  the  in-a.  the  tip*  of 
the  daws  arc  ineurred  and  smre  for  tirmaltachmeiit.aiid  there  ate  oCfaer 
ilighl  difrercQoeSi  The  nolenoiihy  fact  a  Uial  the  development  ii  com- 
pleleil  within  Ibe  cgs  c»c,  nnd  that  it  ii  oonibuoui  without  meuunot- 
pboNa.  The  thotlened  life  hiiloiY  of  the  cnyliah  ii  intercMing  in 
fcbtioo  to  iu  6c(h  water  hatdlai,  where  the  rifki  of  fating  Bir«pl  away 
by  cunentt  are  obriouily  gcral ;  Init  it  muM  alto  be  ranembeied  that 
the  tendency  to  abbreviate  development  ii  a  j^ncrai  one.  There  is 
Kocnc  maleTaEiJ  care  in  the  eiayfiihi  for  the  young  arc  laid  somciimes  to 
relum  to  the  mothet  ofler  a  diott  eiploratiMi  on  their  own  account. 

SVSTKHATIC   SURVF.V  OP  THE   CLASS  CRUSTACSA. 


(l)  EnlomocCrack  lower  (<irm*> 
They    nte     ixually     small     u»d 

ample. 
The  number  of  acgmentt  and  ap- 

pendago  i*  >Viy  variable. 

The  larva  Ik  generally  haiched  m  a 
dnple  utiMgmcnlrd  /fanflim. 
Tlierc  ia  no  gaMiic  initl. 


(a)  Malacntraci.  higher  futmi. 
Tbcy  arc  unialty  largci  and  mote 

complei. 
The  head  connsli  of  5,  the  thorax 

of  8.  Ihc  abdomen  of  6  (7  In 

LeptOKIcaca)  tegmentt. 
Th<  larva  L(  uwwTty  higher  than  a 

There  IS  a  gastric  mill- 


t.  Phyllo^Mda. 


Afm,  SramU- 
fmitUiAArUmi* 
fbdne-ihiniini). 

OMfaomlo.  <^prit,  Cy^iiirtA. 
Copcpodo,    Cytbfi,    ArTptIm, 

many  paiaiitai. 
GiriPMnk  acum  shelband  bor- 

hmm,    t^.,     Uahnui    and 


Mmphipods 


AtthtoRraoi, 


ThoraooMraca, 


hoppers, 
(wood 


(sand 
&e.). 
Iiopodi 
.   lice,  &<i). 

Shiinip,    lolatct, 
,  cittyfbht  cnb< 
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CMVSTACRA. 


Ordct  1.  Phjrltupixlit. 


First  Sui»Cl.\ss.     Evtomostraca. 
These  «e  the  more  primitive  Crusuocans.  often  small 
and  nmple,  with  «  variable  number  of  segments  atid  append- 
ages.   The  newlj  hatched  larva  is  usually  a  NaupUus.     lite 
adult  may  retain  the  uiipairctl  sinii>k  frontal  c-ye,  which  is 
alwayt  found  in  the  Naui)liii.s,  and  has  no  gastric  mill. 
Order  i.  Phyllopoda. 
Order  2.  Osiracoda. 
Older  5.  Copepoda. 
Order  4.  Cirripedia. 
In  these  *l  Inm  four  painof  twimminc  fmt 
bear  tes|jinLiorv  iilaiii.    The  body  h  nncfallv  well  i«cmtot«iI, 
and  U  ptoleclM  by  a  ihiclil-like  or  bivnlic  ^ell.     The  nundiblo. 
>rc  wiinonl  ]»)[»>  ond  the  tnaulbc  ■>£  rudimentary. 
■)  Hianchiopoda.      The  tiody  ho*  nuinnotu  Mpiieniii  «nit  {\ti-3o 
ui  more)  apjwndwct  with  mpinloir  nlilct.     The  thcll  it 
nuvly  alaml,  umuUv  thi*ld-lik«  or  bivRfTctl.     The  hfoil  is  « 
longdcmB]  vwwl  with  Bnmeroiit  opening.    Theegpnic  able 
to  MirriTC  ^idonKed  dnocation  in  the  mud. 
Brvmkifmt,  a  bcaatifnlly  coloured  ftab  amtcr  rorm,  vlth 

hMdly  any  *hdL 
Artimia.  Braie  iihrlnlpa.  Penoilically  panhenggcncllc 
Uy  giulually  chAnpni;  ihv  a^inity  nf  the  ■atcr, 
Schmuikomlbch  wa*  ^le,  in  (he  oourw  of  wveral 
(gocmbnt,  to  modify  A.  ftima  into  A.  miiiltiJumrii, 
and  viri  vtna.  Art^nia  frrtilh  ii  one  of  Ihc  fbilt 
■aiiuals  known  to  occur  in  the  denv  wstcn  nf  Sail  Lake. 
AimnMiAla,  with  Uvalve  ihcll.  rrrinlioitly  panhenomwlic; 
A  nolhuc-Mke  bivalve  thdj  it  uill  miita  nMrkvl  in 
AifAmla. 
Aftiu  a  £mb  walte  ronn  with  ■  Urge  (tonal  ihield. 
PetloillMlly  imlhcnHgenclie.  One  ipecici  licmui- 
phtoilile. 
fji  ilietc  Afni  w  cnuinly  the  moM  inceresttnC'  li  ■*  o««r  an  inch  in 
Itnglb,  and  Ihercfctc  a  0anl  aiMonE  Enlomoaliaca.  Ii  hai  an 
alnaotl  mnld  wide  diiUlbiMkin.  "II  pOMoac*  wruliiiiiin  of 
otpittMtfcm  whkh  aiark  it  ool  an  an  archaic  lonn,  |>r'>t<ilily 
*laadlw|[  Mant  10  the  exIiiKt  aaceuon  of  llie  Cnnlacea  ihan 
olMiMl  any  other  living  aarmbct  of  ibe  (pm]>>"  The  apprndafen 
«•  very  MnwrrNK  and  nuMty  leaMlke.  "nwy  may  be  itpfdM 
«  wcwMMit  a  ptimitivc  type  of  CnifUcaui  linih.  Profeaoi 
Kay  UMkettcr  onumeiata  Iheni  at  lollom  :  — 

ii.  Anlrano. 
a.  S<T>ind  anlftnu.    (TMt  b  Mmttimn  aliaent.  and 
■f  IMrotilj  alwayi  In  certain  ipcclta.) 
1,  MandiUa. 
4.  Matllla. 
\.  \la.illiiic4e. 
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iii.  Fim  Ihoracic  fool  (l«g-like>. 

Thuntcic  I  7*i6.  Oihct  Icn  ihomcii:  feet  {iwimmenj. 

(I'TO-geniial).'!  The  i6ih  in  the  (rmaU  ctmci  an  qu;  nc  or  bmod 

^     I'liuiiitii'i.    Thric  itri;  eleven  ihiwacic  nn|;i  un  ihc  hoAy, 

AlKlDminnl     ri7'68.  Kifly'lwoiibilotnlaal fc«t,  ti>  which  thcrr  con««- 

[roiI-Ecnitnl|.  \  (Hind  unljr  Mrenieen  lingt  on  the  bodv. 

The  luge  dot»l  shielH  ii  not  atlachoj  !<■  the  irf;nienti  h«hind  ihc  ant 

beiring  th«  maxillipcdo^     Many  of  ihc   ihin  liniln  dou^tltM 

binclion  M  glUi.    ThcEcnilal  npciturci  aie  on  the  i6lh  appcnil- 

■f!Gi.    The  aniu  U  on  the  lui  tq;inenl  of  (he  body. 

There  it  a  pair  of  v«nlia1  eiDKlla  to  cnch  pair  of  IIidIm  ;  ih«  ventral 

Dnn  coids  are  wijcly  apuii ;   and  thr  ccplialic  gxnglioa  n 

Rowrkably   iioliitcd.      ]*rofnwir    Kay    Lanknler    cnlled    ihU 

Mpholk  ^uglioti  nn  "  airhi' cerebrum,"  to  eiuphuUe  Iti  pre- 

oml  pOMtHMi  uiil   iti  iliiiinctnen  fiotn   the  posterior  gM^IIa. 

Sulsoquent  research  has  ihown.  howcTcr.  that  in  Afvi,  tut  in 

other  CruMMVuiii.  thr  cephalic  gnniclton  it  a  "  lyn-rcrcbrum, 

iV.,  It  11  <m-a\KiM&  of  ^tc'oriil  ^niillAtuwil  with  )iat(>or»l ^ani;lia 

which  h«va  Iwcn  »liunie<l  forwftrtU. 

(4)  Clulucero.    Small   ialoally  COmprrMMi)   "  water  flcn^"   with 

few  and  lomeirhil  imliMtnct  •cgmcnlt.    The  shell  U  unialiy 

hiviiied.    The  hnd  aften  pn^ecli  &cely.    The  tecond  put 

of  anteunieare  laj{;e,  Iwo-hrancheil,  twiinminj:  apiwnd^Mi 

and  ihoro  aifc  K-b  |Kiini  of  olhrt  kwiinmiiij:  utbuu.    The 

bear!  ii  a  lillle  *ac  with  one  init  of  o|>eiiin|^    An  eicntoiy 

oi)^n  (the  ihell  ur  nuxillajj'  gland)  upcni  in  the  lecion  o( 

the  wfonci  niuill.e.     It  ii  the  Enlamoittnoin  c(|uii.i1ciii  of 

the  iMivmarf  greeo  gUnJ  of  Maltooitmca.    The  malm  txt 

Ukuslty  «naUcr  nnd  much  rarer  thnn  the  fcnuriet.    The  laltn 

have  a  litooil  chamlwr   hctwern  the  Rhcll  and  the  back. 

Within    Ihit    many    liroodn   ate    hitched   throughout    the 

■ummtr.     Poriixlic  jurlheiinj^nevii  (of  the  "  Mumtin  ovn  "J 

■1  very  commun.     "Wmlct  eo^"  which  require  lertiliu' 

lion.  ar«  tci  adrift  in  a  mil  of  the  shell  modified  lo  form  ■ 

piDicciive  cradle  oi  ephit>|Hum. 

iMfkiiia,  MaiHa,  Sida,  fviffktmui,  ljfiioti«m,  anil    many 

other  "niiler  flow  "  oie  ctlnuudinohly  abundant  in  ftcib 

WMcT,  anil  form  jmrt  of  the  fnoil  of  many  fiibci.      A  few 

oecui  in  litHckiith  and  halt  water. 

Order  %.  Otlracodo,.     Small  CruMaocaiia.  usually  laterally  comprcHeil. 

with  an  iiuliittinclty  negmentrtl  ur  ua«|^iented  body,  rudimcniary 

abdomen,    and    1^^^alve    shell.     There  arc  only   seven   |XLi[i>   of 

•ppcndifet. 

Cyfrii  Ificsh  water),  Cyfridina  (niuinc). 

Qtiia  3.  CopGppda.  Elongated  Cruitaccoiu,  unially  with  dinlnci  Mg- 
metilL  llierc  a  no  donol  shell.  There  ore  live  pairs  of  binimow 
thoracic  appendage*,  but  the  last  may  be  radimcntary  at  aliMnl, 
ThcalKlonien  fa  without  linlM.  andofiu  livtaejcmont*  the  tint  two 
are  wmelltnM  unlUil.  The  female*  cany  the  (^gs  in  external 
Maii)i  ire  Mto-pua^tit^Dtpociallyon  fiiba  ("&di  lice  ") 
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•nd  are  adeii  xtrj  degenerate.  The  fiee  living  Copepodi  form  an 
impOTtutl  p«rt  of  the  food  luppl}-  of  tiihci. 

Cyl^t,  free  uid  cuecdingly  proUlic  in  (icth  wxct.  OMtJIi/mi 
(tee  KDiJ  abundimi  in  I  he  Ka. 

Saf^irina,  a  btMil  lUi  niAnnc  fatm  about  quarter  of  an  indi 
.  lonEi  ocauionnlly  jaratilic  Themale  >ur]iaBc>  all  antmala 
in  uiie  brilliancy  of  it»  "  photfihoicMwat "  colour. 

ClaaAttniM/iiuf.  Ai  in  numy  other  cam.  the  niatiilc  femalca 
cany  the  |Hpii]r  mole*  atlached  \a  ihelr  Ixxly. 

CalSgitt,  a  I'ec]'  eammnn  |^iu  of  "  ruli  liec." 

/jTura,  Ffmlia,  rlc  The  adult  (ttcalra  arc  jianuiiic,  and 
alnuMt  worm-like.  The  malo  and  ibe  young  aic  tree.  Thai 
Ike  males  ate  <^cn  tnt  and  not  (It^encrale,  whilv  (heir 
mate*  uc  panuitic  and  teiTacicuivc.  may  be  undcntood  )iy 
CMuIdeiinK  (i)  the  grcsler  v^our  and  ncllvlty  atMcialed 
with  nuteneaa  i  (3)  the  (act  that  jianultihin  aflbriunfety  and 
abuDclanM  of  nutrition  lo  the  frinalet  during  the  leproduc- 
live  period. 

A'gHlHs,  a  divergent  fonn  IciDpuiarily  paraiitic  on  csfp,  tte.  It 
km  a  shield-like  ecphnlolhonx  and  a  mmll  clclt  abdomen. 
A  pioinK^ililc  iipinc  projcni  in  frnni  ■>(  the  blodd  sucVlDg 
mouth;  ihe  iiuinilililci  and  firvt  iiisiill.x-  air  ailapteil  for 
riirii:ing  ;  the  *ePond  niavillie  or  uiHiillL|>crlc«  fat  jdhnion. 
There  arc  four  pun  of  iwo.branchcd  suinnnitic  apncndaga. 
There  arc  Ivo  laiGc  compound  eyei.  The  hmale  hat  no 
oviiac*  i  Ihe  CQ^  are  laid  on  foeeign  objcclL 

0(4a  1^  Qnipedla.     Bimadet  and  aecira  (hetl>,   nod  koine  allied 

MBiinc  Ciu*laccwik,  which  in  adult  life  are  fiierl  head  down- 
wnrds.  Thcbudy  iii  iiitliHii  nelly  Mf  uictileil.  niul  i«  enveloped 
in  a  fold  of  skin,  uiuall]r*iithcaIcareout  plates.  TheanteriM 
•jitcnnKue  inivlted  in  the  allachment.  the  |Hntcriar  pair 
tttc  mdimcntaiy.  The  oral  nppendaffn  ore  Hnall,  and  In 
utri  ntiopbic<l.  In  mo*!  there  an  lU  (or  Ici*  frequently 
lour]  ualn  of  two-brancheil  thoracic  f<«t,  which  (wccp  foud 
particiek  into  the  dept«uci1  mouth.  The  alidonicn  it  rudi- 
muntary.  There  i>  no  hmt.  The  tncs  are  usuallv  com- 
bined, buldimarphkuBitexualfotmsaliio  occur.  Tbebennu- 
phtoiliie  individuali  oaoMioaidly  carry  pignnr  or  "  compk- 
mental"  male*.  The  apeemaiofoa  are  molnlc,  which  U 
unutual  among  Cnutacca. 

ftftf.  the  ihip  bamnclc,  i&  at  an  >dull  alifldictl  to  boating  lof^  and 
■Up  MUomi.  The  odiciJot  end  by  which  the  animal  U^a  iImK  it 
drawn  nul  Into  a  long  llexilJc  itallu  eoolaininc  a  cement  gland,  the 
aiaric(>,ftc.,  an<l  inioltiiij;  in  ilk  fonnatinn  the  litiit  |«ir  of  aotenoieand 
the  front  li>bc  of  llu-  hcxi.    Tlte  accond  aAlenme  are  Imi  in  bnal  life. 


The  moirlh  region  tieBrsn  ]uir  •>[  iniall  mandibles  and  two  uiinafunall 
maiillie,  the  last  )iut  united  into  a  lower  Uu.  The  thorax  Du  m  pur« 
of  two-btancbeil  appendages,  and  from  the  end  of  the  ludimoiiary 
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■UOBMB  a  long  pcni)  proirdi  At  ihc  toiMi  of  Ihii  lie*  ihs  anui^ 
Ananil  the  body  inptc  U  >  fold  of  skin,  and  from  IhU  otix  fire  olare- 
OU*  plaits,  an  unruiie*!  donal  iarina.  two  iitila  righl  and  left  onUtiorly, 
two /ri^u  j,t  ihc  tree  pohterioc  end.  The  iierroiw  lytlem  contistl  of  • 
btain,  on  (cuiphngoil  rlnu,  and  a  renlinl  chain  of  ^ve  oi  more  (^nglin. 
There  ii  «  fui<c'l  \ait  of  TUdiiTicnUiy  cj^o.  No  *|iccia1  circiitatoty  or 
lc*plntMy  urpjal  are  kiiuwn.  Two  cxcrEtoi^  (?)  lulxt  lenil  nom 
(ooslomic)  caviliei  to  the  bnte  of  the  second  manlln;,  nnd  are  |iTi>balily 
coinparelde  with  ihelt  elnndi  and  with  nephridia.  There  is  a  oomplelc 
faodcaiul  and  a  laritcdii;eslii-e  eland.  Beiideihelailer  )iethcb[a.ncbed 
(ottes,  H^ote  wa  ilefinentia  unite  in  an  ejnculitlary  duel  in  the  penii. 
Prom  the  mueh  litiiiii^hi.-il  o win  in  llic  aialk.  the  oviduci*  pan  to  the 
6rM  thoracic  kp.  white  Ihey  paM  into  n  nmenl  making  tac,  opening  lo 
tlw  ntarior.  The  tgip  are  found  in  flat  cakit  between  thccxtimiallalil 
of  (kin  and  the  bod}-. 
Th«  Bfc  IiUto[7  i*  IDMI  inieteiting.     Naupliui  lame  e*cape  from  Ihc 


Fio.  $<)> — Aroin  hhdl  (liiilanuh  iiniinnibuluRil. 
(After  Darwin.) 

r,  TniDiB  1 1,  KuCBin ;  4.  apcnim  of  cililiici ;/.  manile  (wtty :  jr. 
dtp««ia«r  mtivcft  of  lartfum  ;  f.  dipr«tfor  muKk  of  kCumn ;  A.  oti' 
duel :  r.  uuHr  liicll  in  Kciion  \  «.  tiMncBOr  muKto  of  icuia. 

ctx  caic^  an<l  ifler  muoltlne  ievcral  limea  become  like  little  Cvprld 
water  finu.  The  fini  pair  of  af  pcndaj^ta  become  tuctorSa],  and  alter  a 
period  of  ffe«  iwimming,  the  young  hamacic  lettlM  down  on  Mats 
noating  objct:!.  moorine  itxlf  1^  means  of  the  anicnnary  Buckers,  and 
becoaung  nrmlv  glued  xij  the  iccretion  of  the  eemeni  glandi,  Dtiring 
the  aeuluig  and  the  auociated  metaniorphoii*,  Ihc  vduiu;  barnacle  laiti, 
living  Ml  a  alac  of  fai  prerionily  accumulated.  Many  imponani 
changn  occur,  the  tulieU  kbell  It  ileveloped,  and  the  anull  form  ii 
graduallv  anumeJ,  While  the  early  natuialikla,  «uch  at  GcrarO  (1597!, 
npidcq  Ihe  barnacle  as  sumchnw  e^mnecttd  with  llie  bamaelc  goow, 
18 
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and  toolc^itu,  befoie  I.  Vaughan  Thomnon's  rrKardin  li(l>9k  w«r« 

wliilicd  with  caJluigCimpcdadivei|[enrMollu>ci,  we  nonr  knowclculy 

thai  ih«y  uc  unneviiu  de)[cne- 

rale  Cmtucrani.     Wc  do  not 

k(M>w,  how«t<rc,  l>y  hIim  oon- 

ilitulional  (in,  liy  uhul  bLicue 

■det  ilic  cKotioni  or  adaIcB> 

oenoe,  (hey  ere  forced  to  Mltle 

down  to  seidcDlaij  life. 

The  food  coiui*[(  of  uiutll 
nninikla,  wliich  >«  twrpt  to 
ihf  moulh  by  llio  waviii);  nf  the 
curltd  le^.  (itowih  it  mhic- 
wluki  tnpld,  but  (he  luuil  ikin 
CMling  ii   much   rcsiricted  e»- 

S[  in  one  genut.  NeUhct  Ihe 
res,  nor  Ihe  unilin);  mcm- 
Imnt*.  nor  die  cnve!<i«'  "f  Ihe 
Blalk,  arc  mouUcd,  Ihouj-h  <lik- 
integialeil  porlioni  miiy  tv  re- 
mold in  llikei  and  renewed 
bjr  lircih  fonnaiioni.  In  the 
atlieil  ^nui  SmlfeUtmi,  some 
are  like  /^/ai.  hcrmnphrodils, 
without  completnentary  male* 
ISe.  6ttl«t»idti)  :  oiben  ue 
hennaphiodile.  with  eomple- 
meniarf  mole*  (.Si-.  iv'/J'miiwI, 
Ac  i  and  ixheni  are  uniikciiua], 
Iwi  the  lualn  an  mltiuk  and 
paiuilic  (51-.  rfgiwrn). 

Sattmiu,  lh«  acorn  ihell.  tn- 
ctuat*  the  rocka  in  great  num- 
ber* between  high  snd  low 
water  markv  It  may  be  <1e- 
Krtbed,  in  Huxleyt  nauhlc 
vmrit,  ai  a  cniMacoU)  Med  tiy 
lu  head,  and  kicking  tho  food 
into  ila  moulh  with  ill  le^ 
The  body  ii  iiirroundnl,  a>  in 
Zr/ar,  by  a  fold  of  ikin.  wluch 
fonni  IX  rampart  of  tix  or  moic 
calcarcoiu  plalei,  and  a  four- 
fold 1i<l,  conutlinu  of  liro  uulm 
aiit]  two  tfxt.  When  centred 
\iy  the  lide,  the  aninial  piro- 
tru<li-»  and  iclncu  between  the 
valvei  of  Ihe  ibell  riK  pain  of 
cuiMike  ihoradc  legv  The 
■Inicture  of  the  ocom  khdl  i* 
In  the  mala  like  thai  of  th*  JMunacle,  liut  ihoto  ii  no  aialk. 


Flc  {».— Dftelopmeiit  <J  Saccullna. 

(After  Dei. AGS. I 

(Not  drawn  lo  icale-l 

A>  Free  ivlmmlni  NaiiplSui.  •iih  ihrac 
|i4^n  of  ap|vrutA|fM  L  IL  niu  hU(«  I  C- 
AjIuIi  i*fum<J1nc  f'oni  the  uv  of  a  tfvU 
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The  life  hitloiy  also  is  limilit.  A  Kauplius  it  halcheil.  It  hui  lh« 
nidnl  thipc  pairs  of  legs,  an  unpaired  cyi^.  ami  a  dcliale  ilornal  ihirlil. 
It  moutlt  tci'cial  timet,  giowi  Urgcc,  and  nojuirci  a  firmer  ihield.  ■ 
lonecripincil  tail,  ami  Mr(iii|re'r  \t&-  T>ieii  ll  pouci  jntoa  Cyfi-fi  lUge, 
with  Ivo  «iiJo  eyes  til  (uiirt  of  iwimniini*  hgfi.  n  liii-alvc  ihell.  nnd  oihet 
OlgMi*.  Asilnnttitwlf  much  hul  ilwt  not  fccil.  it  ih  nul  nnnuiunl 
ihAI  it  ihimlii  tink  down  u  if  Id  fatigue.  Il  fixn  itMlf  bj  iu  head  and 
■nieiuur.  uid  is  glued  t^  th«  scctciicin  of  the  r«aen(  sland.  Some  of 
the  structures,  t^..  the  birilvc  shell,  are  losi ;  new  siruciutes  appear, 
*-^:  the  charactetisiic  Cii'ii>c>!  I<)^  and  the  shell.  Thtou|;houi  this 
period,  which  Uirwin  otileil  ihc  "  pupa  <>lap:,"  iheie  it  cxieinal 
quk*c(tic«,  »n'l  the  younc  crnturo  mnlinuet  Iu  bUiI.  The  «ltin  of  the 
pupa  monies  ulf )  the  aduTi  ttruclutes  and  habils  are  grailually  auumfd. 
Al  &«i]uent  period*  of  cnnlinued  crowih,  the  lining  of  th<;  Ahell  nnJ 
the  cnUcle  or  the  lep  are  shetl.  In  spring  these  efaay  axi  coats  are 
enooedinglv  common  In  the  sea.  Aoom  shell*  feed  on  small  marine 
anlmali.  The-)'  lit  thvniM'lve*  not  to  roekt  only,  but  also  to  shells, 
lla«lineobjeL-lR,ii)d  evrn  lo  whalct  Mid  other  animalk. 

Aktftt  and  Cryfl^ialm  (with  onW  ihrec  or  four  pain  of  feel)  live 
ill  Ihc  ihelli  of  other  Orripedcs  or  of  Mullutcs :  Prtlieltfai  ia  imatitic 
in  Ihe  mantle  of  other  Qrriwda,  and  like  a  Erub. 

On  Ihe  ivnlral  nit&ce  of  Ihe  ahdomnn  of  crabi,  Smeuliiui,  Ihc  most 
deipnerHic  oE  all  pnratitet,  it  uncn  fouiiil.  Il*  complete  hidory  1ul« 
been  bnutifiilly  worked  oul  hy  I'lofc^sor  Delaije.  It  in  in  *h«pc  an 
OTotd  Mb  and  Is  attached  about  the  middle  of  a  Kgincnl.  On  the 
Iowa  nitface  of  ihe  toe  there  Is  a  claacal  apcitutc.  opcnuuc  into  a  large 
brood  chamber,  usually  distended  with  eggs  contained^  in  chilicoiu 
tubeiL  The  liranl  diamlicr  wrrounda  (he  ceniral  "viseenl  mass," 
COaMllng  of  a  nerve  ^ngllon,  a  ormeni  gland  which  secretes  Ihc  egg 
eatt*.  and  Ihe  hrrmaphrodite  reproductive  urgana;  of  <ll|Miitite  or 
vatculai  sytleiiu  there  is  no  imce.  The  paiasilc  it  alladicd  l>y  a 
peduncle.  diTtding  up.  H-tihin  the  body  of  the  cmb,  into  niinieioui 
"rootv"  which  have  been  compared  to  Ihc  placenta  of  a  mammalian 
fatuv  The  "Tools"  ramify  wilhln  the  liody  of  (he  crab,  and  by  Ihem 
the  SMiufinn  obtaini  nuttillon  anal  ^ctt  rid  of  itt  H\uie  products  ■  it  ia 
Ihereferr  )iraeliolly,  even  al  Ihis  itage.  an  inJ^fariuiir.  The  Luvk 
leave  the  lirood  chamber  an  Nauplii.  Ihey  moull  rii|ii<lly  and  tiecomc 
Cyprid  lamu.  Thetc  fix  ibemwlies  bv  ibeir  nnirnnu:  Iu  young  crabs, 
at  the  ancalcificd  mcmlirane  suriouniting  the  base  of  ihc  large  briMlea 
of  the  hack  or  appendages.  The  thorax  and  abdomen  arc  ciui  afT 
entirely ;  Ihe  stractiiies  wilhln  i)ic  heo'l  region  conlraci ;  eyes,  tendotu, 
plgmeol.  the  rrniHlnini;  r<dk,  and  llie  otrnpacc  are  all  loii :  and  a  little 
tac  remains  wbirli  \-e.vm  into  the  inlrrior  of  ihe  cmli.  Kveniually  ll 
tcaebo  the  abdomen,  and,  ni  it  approachei  malurily,  the  iniegunicnti 
of  Ihe  ciab  are  dioolved  beneath  lU  and  Ihe  sac-like  body  protnidea  i 
essentially,  howcrer,  SoteuUna  n  always  cndoparaaiiic.  It  ap|iean  lo 
live  for  lEiree  ye«n.  during  which  lime  Ihc  growth  of  its  host  it  arrested, 
and  no  moult  occurs. 
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Skconu  SuB<^LAi».    Malacostraca. 

These  zre  higher  Cmsuceanx  \n  which  the  body  consists 
of  three  regions  wilh  a  consUnt  nunibcr  of  segments,  five  to 
the  head,  eight  to  the  thorax,  and  six  to  the  abdomen 
(except  in  forms  like  A'fMiOf  which  have  seven).  11>c 
terminal  piece  or  telson  of  the  abdomen  is  regarded  by 
some  zoologists  as  a  distinct  segment.  Apart  from  this 
telson,  and  also  the  segnient  next  to  it  in  NtMia,  all  the 
segments  bear  [xtired  ai>[)endagcs.  More  or  less  of  the 
thorax  is  fused  to  ihe  head  region,  and  the  anterior  thoracic 
limbs  sre  UKuntly  auxili.tr)-  to  mastication.  Two  compound 
lateral  eyes  and  a  gastric  mill  arc  always  prcsunt.  Tneic  is 
an  antcnnary  excretory  gbnd,  probably  comparable  with 
the  Eiilomostracan  maxillary  gland.  The  female  genital 
apertures  are  on  the  lliird  last  pair  of  thoracic  legs,  the  male 
apertures  on  the  last  pair.  \'ery  few  are  hatched  in  the 
Nauplius  stage,  many,  however,  at  the  Zosea  level,  while 
others  have  no  metamorphosis  at  all. 

Legion  t.     Leptostraca.     NeMh. 

Legion  1.     .\rthrostnica,  with   three  orders,  Anisopoda, 

Isopodn,  Amphipodo. 
L^on  3.     Thoracostracs,   with   four  orders,   Cumacea, 

Stomalopoda,  l^hizopoda.  Decapods. 

LcEioD  1.     Lqiloslrm. 

Marine  CnutacMiu  of  great  i>-ileimilie  interest,  beoiUK  liicy  retuii  in 
mftirr  waj-i  Ihe  limplicity  o(  ancoinil  fonni,  and  link  MaJjtcoatnea  lo 
PbyUopoiU.     The  most  impoiUuil  gcnui  1%  NriaStii. 

A  bivalve  ihell  covert  (he  whole  of  the  lank  Ivxly,  cicept  llie  ImI 
Tout  alidnmlnal  tMjmeni* ;  the  head  ik  frM  Inmi  ihr  lliornx  ;  the  ci^bl 
KjgmentN  of  th«  ihnnii  uc  free  fmm  one  xnothcr,  tnA  the  plaie-like 
kppend«(;n  leH'iiibtc  ihow  of  i'h}'tln|"?cli ;  the  abdomen  hut  seven 
scgmcnli  and  n  leUon  with  two  foiki ;  the  clongalcd  heail  eilenili  into  . 
the  abdomen,  and  has  tevcn  iniii  of  Utciml  Bpcriuiei  oc  Ddia.  Iftialia 
anil  ill  cnn|[encn  arc  probalilj'  related  to  certain  ancient  foull  (brmi 
fiom  t^tzuiralc  Mnita — l/ymm»iitni,  Ctratictarii,  &"<. 

Ltginii  3.     ArlhtcMlraoK.    (EdiHophltudmato.  ansile  ryed.) 

There  is  no  shell  fold  or  stiicid,  except  in  the  onld  Anisopoda.  The 
fint  thoracic  icgni en  1  Irarcly  uith  (he  addition  of  ibeKCondJ  is  fused  (o 
ihe  heacli  the  corresponding  apiKndogct  tcrre  m  tnaxillipcdct,  the  othei 
Ihondc  icgmenis  (seven  oi  ux)  aie  free.  Tbe  eye*  are  scimIc.  Tha 
hean  b  elmgaied. 
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Onlci  I.  Anifopuda.  The  fiuion  of  the  firsi  two  ihonicic  itKinontt 
to  the  head,  (he  preaence  of  «  cepha.1olhonidc  ihielil,  ind  oilier 
dsvemni  feature*  dkluignUh  Tanah,  AfsiaJti.  &•[.,  fioiu  the 
Iiopoda. 

Older  1.     IiopodB.    The  body  U  flatlencd  liom  ttbare  ilowniruiU. 

The  tivA  Ihoraclc  letC"*^'  '*  futed  to  (he  hcxli  while  (he  nthei 

tu  or  Mvm  »[«  ftec,  siid  th«e  U  no  cr|Jialoihorarir  tliiclil.   The 

•bduiDcn  is  unatlj  thorl,  and  it*  appcndngn.  UKuallj'  uvc(lHt>|>c(l 

fay  the  finl  pair.  Me  pUle-like.  and  iunciiua  in  put  u  respiriKoiy 

ornuu. 

The  "wood  lice"  fOaiiiHS,  f^ttUii)  arc  funitini  anjnmli 

wlilch  lufk  in  (lump  placd  under  lionet  and  lurk,  and 

devour    vceelalile    refu*c.      Some   relueil    foiini.  (t^;., 

^nwiA'/feJ,  whieh  toll  ihciutclvo  up,  ntc  oiled  "pill 

bu|^*'      In   the   lerrevlri*!   furini  (here  is   oliviously  a 

departure  (ram  (he  otdinarilir  iquntic  Imbil  of  Cnutaceani, 

Mid  the  «(opO(tilei  of  some  of  (he  abdominftl  nppendDBes 

have  lulmlar  air  pauaira, 

Aldlui  h  1  very  common  lorni,  ll<rln|;  In  liolh  fresh  and  ult 

wslet. 
IdUta  i*  noi  UDCOoimon  among  Ibe  ahoie  mckk 
The  "cribble  "  (liiuterU  lignerttm)  u  •  datroctive  roftrioe 

uopod  vhich  rati  into  wood. 
AaiooiC  ihc  marine  C^mothoiil-nc  which  are  often  partidlic  on 
fiahes.  Mine;  r^.,  Cyiaeiltit,  are  temarlulile  in  their  wiual 
ccndjtioth  for  they  arc  lieniia|iliroditct  in  which  the  male 
wpuic  maluie  and  become  functional  when  the  uviduci* 
ttre  Uill  cloMd,  while  nt  ■  laiei  period  in  life  the  male 
ot^jiuu  are  loti  and  the   animab  become  funciionally 
(enmle. 
The  Bopyridic  infetl  the  f!ill  chamber*  of  other  CrutitoccanK, 
*^.,  prawna.    The  pigmy  mules  are  utuatly  carried  about 
t^  theiT  matct. 
Amoiie  Ihc  paraulic   Cryplonitcid^c,  wc  .ipiin   find   hrmni' 
phrodilH  with  anociated  pigmy  m.-il^i.      In  not  »  few 
aun  ihcy  Kiiouily  affect  Ihc  leproductii-e  orsanx  of  Ihcir 
male  hoil«. 
Ma&r  sA  thi'M  iMpod*,  like  not  a  few  other  CnistaceAni.  are 
cxirrmeiy   inlcietline  to  thote  who  care  in  think  aljoul   the 

Eroblem  of  it\.    Thus,  lo  cite  one  other  inilU'icv,  the  malot  and 
initei  in  the  genm  GHalkia  are  (o  unlike,  that  Ihey  have  been 
miBakcnly  leferied  lo  diSneat  itib-familiei. 

Order  ^  Amphi|>odii.  The  body  i»  laltrally  eomjirewcil.  In  moit 
it  u  only  the  tin)  thoracic  tcgmcni  which  is  fused  lo  the  head,  in 
the  "no-ljody-ciB.ta"(C<^2'h<lf).and"whnIe  Mte"  [CyamiJa}, 
two  Mfmenu  are  Involved.  The  ihoiadc  limtn  bent  respiratory 
appenilagct.  Of  ihe^  palnofli^i^  which  the  abdomen  usually 
bMif.  the  unteiioi  three  are  usually  more  (lroii|[Iy  devcIoDed  aa 
Mimmen,  while  Ihc  pottorior  three— directed  nckwanu— are 
I  in  jumpiog. 
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Cammana  pnla  U  vciy  eommon  In  (resh  w*t«t.       Other 
uieclct  occur  on  (he  ms-^hkc.      Tlierc  aUo  ihc  "  Beacll| 

Qa  Mliit  ground  thfj'  movv  on  Ihcir  ii<1«  in  a  Mnnga 

fiwtdon.  but  ■he]'  Mrtm  veiy  twiftlV'  | 

Hyfrrh,  ftrtaima,  dind  miuiy  marine  Amphijiodk  have  a  habir' 

of  living  ft*  eommenuU  with  oihcc  uninuli. 
Cafrt/Ai,  »  canimaii  niaiinc  gu'innaht  on   llyilf:**!!,  &c.,  has 

the  inink  cir  the  Iwdy  iMuoml  la  (he  qualnlnt  poialbte 

iiiinimuni. 

:a.     tPodophlhalmata.  wilhila2k«(l(7««.) 

diP'Unir  the  (hoiuic  Mfpncntt  arc  ruicil  to  (he  head,  and 
there  it  a  Mpholothoraclc  shield  ovcrlap|^n|[  the  |rlll>.  The  tiro  eyea 
ue  *Ulk«d  except  In  Cutnaca. 

Older  I.    Cumicea.   Tlie  cephalolhorscTc  thiciii  is  nnnll.  uid  four  on 
five  thoracic  iie|[>iiFiiti  ait  left  uneo»«re<l  and  free.    The  ejft*  aiM^ 
WBitr  undaiiiacentorfiued.    There ue  two  pairiDrRiaiilliprctc*. 
The  rcmolet  nave  no  abdomloal  appcnilEige^k  ciccpl  on  (lie  la*t 
tq^metil.     The  (^ncta  Arc  inurinr,  i^..  Chbh  ot  Oiatlyh't. 

Older  I.  SiMnnlopiiHa.  The  (>hiel<1  ii  iiill  tmall  and  iloet  not  covar 
the  three  puitcriot  lliotncii^  legiucuti-  The  liody  '■a  lOmewtuit 
flattened,  the  nbdnincn  ii  very  Mrnni;.     Five  anterior  ihorMic 

r,       appcniliwe*  arc  dircetnl  idHarda  the  mouth,  and  Mrve  tv  cal<:h 
I      rood,  and  to  cUmlMr.     The  five  antm'or  alxlominal  leg*  cany  I 
P      feathery  ^Ib,  the  ilxth  pair  foimiDg  (wirnming  paddlea.    Tb*  ' 
cloni^ted  heart  atendi  into  the  abdomen,  vhich  nlm  coniains  ths 
reproductive  oicant.     The  genera  arc  marine,  f^.,  S^uilla. 
Older  3.     SchiiO|)0da.    A  <lelicalc  shield  co^rrs  the  whole  of  the  ' 
thorajE,  Lul  there  a  still  some  bevdom  as  to  unc  ui  marc  uf  llie  j 
pcBteriot  thoracic  (ccmenta.    The  dght  thoracic  appendn^  are 
anifbrtnlv  bir«iiMac,l)Ut  the  Arti  two  may  tcnc  u  maxilhucde*. 
^e  abdiMiinal  appcndaKa  of  ihc  male  are  Mrongly  tlcveiopcd. 
thotcof  (he  fenmlcatc  wcnk  eiccjit  the  liuit,  which  in  Ixiih  tcxe* 
rorm  paildlet.    They  are  marine  lorms  (./(.,  il/|'i>i  (wilhont  gillt 
on  the  Ihimidc  Iqp),  Lffkegoiitr  and  Eufhttmia  luith  gilh  on  J 
the  thoracic  lee*).     The  last  named  lUiti  in  life  u  a  Nauplin&l 
Ai  an  nduli  it  ha*  luminom  orEint  on  the  eye-italki.  thoracic  ^ 
Ic^i,  oikI  alHlominal  le^cnit. 
11         Orilci  4.  Uecapuila.    The  ihicid  a  larj^e  and  firm,  and  ii  liied  to  the 
Ik  doml  Mirlace  of  ail  (he  iboracic  KgmeaiL      Of  ihc  thorade  ! 

^^^       appcndagOL  the  fini  three  [uin  ^le  miuilU|icdo.  ihc  live  other 
^^^K      piurt  are  jointed  walking  Jcgi  (whence  the  term  Decapod). 
^^^K  SaWoriler   (.      Mociun.      AlKlonicn  lune;.     Hmarta  |loUlcr)  ; 
^^^H  Nffkrtpt  INorway  lobntet,  ua   (layfiihli   jlitatui  (&t*h 

^^^B  water  crayfiih]  i  V^^rwrrMj  (rock  lutiiieti.  whcoe  larva  uraa 

^^^B  Ion):  known  ■*  the  Elftii  crab  irkyiltniima) ;    Pen-nu,  a 

^^^H  thnmp  which  pauct  through  Naupliut.  '/mkh,  and  Uyd* 

^^^H  Uagex  i   Litti/tr  and  Strftun  ate  alto  halclicd  nt  a  ttnn 

^^^B  antecedent  to  tha  2oeea ;   CrmgSH  tmtgorii  (the  Britiah  J 
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ihhnip) :  /^ijlrMMM.  PandatHi,  Hiffalytr  (piavtw)  \  CiiialAta 
iHilh  ihe  alKlomcii  Iwnl  inmnit) ;  /if^nij,  EufofHrat 
(hcrmii  ctalit) ;  Jiirgtu  lain  |ihe  lenntnal  lolibcr  or  pnliii 
cnl')i  in  irhich  Ihc  uppi;r  pait  of  Ihc  gill  cavity  it  shut  olTto 
fann  a  "  tung."  ihe  walU  having  nomcfoui  vaicul»r  ploiti. 
O|»tiion  Kcmi  In  incline  amiiut  re<nKniun|[  a  Mputtic  nib- 
Older  (Anomuri)  for  the  (oTl-lAlIe^  hctmit  eiatn. 
Snb-ordef  t.  Elrncliyuia.  AlHlomcn  «hori,  luicj  Wat  unilcr  ihc 
thor«i.  II  U  narrow  in  (he  mole,  and  doct  nut  utually  bear 
mnre  than  two  pain  of  ajipendagei ;  i(  ii  brouln  in  the 
renulci  and  bean  four  paireil  app«nd>gei.  The  r«nlnil 
ganiilia  have  fused  into  nn  oval  inou,  Camir  (cdililc  crilii  i 
CariiHui  mtrttas  (thore  crab) :  i'trlHHUj  (t»inimin|[  ciitb) : 
Ataia  (ftpldei  crab) ;  I.ilhrsiti  (sloiic  ctab) ;  /Vi-i'/Xxnt ; 
Dremia  (oflcn  covcieil  liy  a  *f>oiii;c) ;  I'lntwlktrii  (Uvlnu 
in»ide  bivaliCT);  Gtiaiimut  (rxliller  crab,  a  rery  adapt 
butruwer) :  Ttlfhrna  (a  freih  water  crab)  t  Gttartinm  (lanJ 
crabi.  only  visiiing  (he  ica  at  ihe  breeding  tdiuon). 
Hitteiy.'-WaaW  Crustacean!  are  found  in  Cambrian  ntnUa,  but  lh« 
hlghcad  loims  (DecanKU)  were  not  Drmlj  ntnUJshed  lilt  Ihc  Tertiary 

S;riix!.  Some  of  the  genera,  r^^  Ihe  Uranchiopuil  hiiktri*,  living 
Dm  Devonian  a|[es  till  now,  a/c  rrniarkalily  persistent  and  iiuccessfuC 
How  ihecloH  arose,  we  do  not  know;  il  Is  prohabie  that  types  like 
NtitUni  ipvt  ui  iruslworihy  hinis  ai  to  Ihc  ancetlon  of  ihc  higher 
OunMcmm ;  It  !•>  likely  ihat  the  Phyllopods,  e.f.,  Afius,  l)ai  a  timllar 
rclalion  (o  the  whole  uirict ;  (he  Copepod*  alto  retain  Mme  priiiiliivc 
ehancltlislio ;  Inll  it  ii  difficult  apart  Irom  mere  gueuin;;  to  say  any- 
thing  definile  ai  to  ihe  more  remote  ancestry. 

We  naturally  Ihinle  of  a  segmented  wonti  type  as  a.  plaus- 
ible starting-point  for  Cruslnccans,  and  it  i$  not  dillicult 
to  understand  how  a  d<;^■clopm<.•nt  of  cuticular  chitin  wotild 
tend  to  produce  a  flexibly  jointed  limb  out  of  an  unjoinlcd 
parapodium,  how  the  mouth  might  \m  shuniod  a  little  back- 
warcts,  and  two  appendages  and  ijaiiglia  a  little  forwai^, 
and  how  diviitton  of  labour  would  result  in  the  differentia- 
tion of  di«tinct  rt-gions. 


Gekerai.  Notes  on  Crustachans. 

Of  a  class  that  includes  animals  so'  diverM  as  cmbs, 
lobsters,  shrimps,  "  beach  fleas,"  "  wood  lice,"  barnacles, 
acorn  shells,  and  "mier  fleas,"  it  is  ditHcult  lo  state  general 
charactcrixticK,  other  than  those  Tacts  of  structure  which  wc 
have  already  nimmariiied. 

Admitting  the  parasitism  of  many  Crustaceans,  and  the 
sedentary  life  of  barnacles  and  acorn  shells,  we  must  still 


tfD  CRUSTACEA. 

ftltov  that  great  activity  clutracteriMS  the  class.  With  this 
may  l>c  connvmed  the  tnilliant  colouring,  the  poirer  of 
colour  change,  and  the  phosphorcscemc  of  many  fomu. 

Except  some  primitive  and  degenerate  forms,  all  are  seg* 
incntcd.  The  typical  appendage  consists  of  a  basal  piece 
with  l«o  jointed  branches.  The  cuticle  is  always  chitinous. 
and  often  verj-  much  calcified.  The  abundance  of  chitin 
may,  to  some  extent,  explain  tlie  absence  of  cilia  in  Cms- 
taccam  and  other  Arthcopodn.  11»e  rigidity  of  the  cuticle 
pani.iDy  explains  the  r>eocs5ity  of  Ircqucnt  moults.  As  the 
muscles  contract  vcr>-  rapidly,  they  illustrate  the  striated 
condition  with  great  clearness.  In  crabs  and  some  others 
the  ventral  ganglia  arc  concentrated.  Sensory  organs  arc 
generally  well  developed;  both  "eyes"  aivd  "cars"  may 
occur  away  from  the  head.  Much  of  the  alimentary  canal, 
which  is  almost  always  simple,  consists  of  fore  gut  and  hind 
gut.  These  are  anterior  and  poslcrior  invaginations  of  skin 
which  meet  the  mid  gut  orarchenleron — iheorigtnal  gasiru^ 
cavity— and  arc  especially  large  in  the  higher  Crustaceans  or 
Malacostraca.  The  frequent  presence  of  a  gastric  mill  is 
quite  intelligible,  for  it  occurs  in  the  fore  gut.  Tlic  body 
cavity  is  never  very  large,  being  mainly  filled  up  *i'ith 
muscle*  and  organs,  and  of  a  true  ecclome  (here  i.t  little 
trace.  In  ihc  blood  h.Tmocyanin  is  the  commonest  respira- 
tory pigment.  In  the  body  or  skin  lipochromc  pigments, 
such  as  those  which  change  from  bluish  green  to  red  as  the 
lobster  is  boiled,  frequently  occur.  Of  modes  of  respiration, 
there  are  many  grades, — by  the  general  surface,  by  currents 
of  water  in  and  out  of  ihe  posterior  |>art  of  the  food  canal, 
by  thin  |)btcs  on  the  legs,  by  wcll-fnrmed  gills.  We  miss 
the  numerous  excretory  nephridin  of  Annelids;  the  grccn- 
glands  of  lobslcrs,  &c.,  probably  represent  a  |iatr ;  the  shelt- 
glsnds  of  Phyllopods  and  Copepods  and  some  other  struc- 
tures seem  to  be  in  part  at  least  cxcrelor)-.  It  is  possible 
that  shell  making  is  an  organised  method  of  getting  rid  of 
some  waste  products.  There  are  many  peculiarities  con- 
nected with  reproduction  ;  thus  parthenogenesis  for  pro- 
longed periods  is  common  among  "water  Reas";  herma- 
phroditism occurs  in  barnocln,  acorn  shells,  &c. ;  the 
hermaphrodites  are  sometimes  accompanied  by  pigmy 
"  oomplemental "  males ;    the  two  sexes  arc    often    vcty 
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diverse.  The  siwrmatozoa  are  uitunlly  exceptional  in  being 
very  slijihtl^r  motile.  Some  appendages  are  often  modilicd 
tot  copulalion  or  for  carrying  the  eggs. 

DevthpititHt. — Tlic  ova  of  most  Crustacea  show  con- 
siderable similarity  lo  those  of  Aslaeut,  and  the  segmen- 
tation is  typically  of  the  kind  already  described.  But 
while  t)m  \%  the  most  typical   cose  fur  Crusuicean,  and, 

indeed,  for  ArthTUfKKl 
developnicni,  it  is  po.-f- 
nbte,  within  the  limits  of 
the  class  Crustacra,  to 
trace  out  a  complete 
scries,  in  which  the  first 
term  is  a  segmentation 
of  the  complete  and 
eiiiul  type,  like  that  of 
a  worm,  and  the  last  the 
purely  peripheral.  In  the 
same  way,  though  gastm- 
lalion  is  uaually  much 
diigui»cd,  we  find  all 
cues  from  an  invagina- 
tion of  the  Mmplent  em- 
bolic type  {Lud/er),  and 
through  the  condition 
described  for  Aftaats,  to 
the  formation  of  cndo- 
dcrm  by  the  ingrowth 
of  a  solid  plug  of  cells 
(Anhrostraca,  ftc). 

Compared  with  At- 
taats,  however,  the  most 
important  point  we  have 
to  notice  is  the  frequent 
occurrence  of  3  very  sinking  mciamoiphous  in  the  life 
hisiOfy.  In  other  words,  the  lar%-a  hatched  from  the  egg 
is  rarely  like  the  parent,  and  only  acquirer  the  adult  char- 
acters after  a  series  of  profound  changes.  In  some  cases 
(AV^d/tft,  Afysii)  a  metamorphosis  takes  ])lacie  within  the 
tm-cases,  and  in  the  few  forms  in  which  development  seems 
tobe  direct,  slight  traces  of  metamorphosis  are  found. 


Vn,  9t.— ZoM  of  common  SboK  Crab 
idrrimm  nuitiui,  lAfter  Faxok.) 
The  appcntUgct  u  c  nuaibaMd. 


afa  CRUSTACEA. 

Almost  all  the  lower  CruHUceans  and  the  hisher  fonns 
£ti/>Aaun'a  jincl  Ptiiaus  are  hatched  in  n  Naiiplius  stitge. 
In  the  remaining  cuce  the  Nauplius  sUgi:  is  indicated 
within  the  egg  by  the  moulting  of  a  larval  cuticle  (so  in 
As/afus).  The  Nauplius  is  chaiactciised  by  a  ty(Hcal]y 
rounded  body,  and  by  the  presence  or  three  pairs  of  append- 
ages, which  arc  the  only  obvious  indications  of  segmenta- 
tion. The  first  |iair  of  appL'n<lagcs  are  unhrajii-hed  and 
bear  larval  sense  organs,  the  next  (wo  are  biramose  swim- 
ming organs.  There  is  an  unpaired  median  eye,  but  no 
heart  and  frequenlly  no  hind  gut.  The  three  pairs  of 
appendages  become  the  fiist  and  second  pairs  of  anlennsc 
and  the  mandibles  of  the  adull.  Tlie  head  region  of  the 
Nauplius  becomes  the  head  region  of  the  adult,  the  posterior 
region  also  persists,  the  new  growth  of  »egnicnLs  and  append- 
ages takes  ]>1acv  (with  numerous  rooultings)  in  the  region 
between  these. 

The  second  imiwrtant  form  of  lar%*a  is  the  Zotca,  which 
has  all  the  appendages  on  to  the  last  maxillipcdes  inclusive, 
an  unsegmenied  abdomen,  and  two  lateral  compound  eyes 
in  addition  to  the  unpaired  one  uf  the  Nauplius  .'itage. 
Most  Decapuda  arc  hatched  in  the  7.oxa  »Uge. 

(d)  The  ciaylith  (AUmitl]  it  hatched  almoM  ai  a  iniDlMuic  .idull. 

ThF  dcvclopmenl  m  \hmtot«  vtty  lUtrct  in  this  casr. 
tf]  The  lolHI«r  <//>>iHurirj)  ia  halGhc<I  in  ■  Afyiii  Mtfte.  In  whieli  th« 

thoracic  hmbs  aictwolirariL'hurl  and  niril  (or  twininiing.    Alter 

some  moult)  il  aoquirn  adult  chanctcra. 
(i^  Cratn  are  hatched  in  Ihc  X^ra  form,  And  pou  u-iih  moulii  ihtuurh 

±MigdUfaUiLee,in  which  they  racmlilc  ceilJiin  Hermit  CrmM. 

The  abtlomcn  n  aulnequmily  lucked  In  tinilei  the  thoiai. 
[it)  ftturni  (>  kiinl  a(  thrinip)  in  tinlclicd  u  a  MaHfliio,  litcomcs  a 

Zmv,  then  a  jl^jr'f,  Iheii  mi  a>lii1i-     Itt  relative  l.mi/er  iiait* 

than  Ihc  Naapfim.     Another  lelated  form,  Serxittti.  ii  hatched 

at  a  PrvloMiai,  with  ji  cephnlothondc  ihielil  and  an  UMCt- 

mcntcd  abdomeu.    Thutlhcrcaic  two  Erudcs  bclHccn  Nau)]liui 

and  Zaxa. 

Three  TaciK  niuM  lie  borne  in  mind  In  thinking  nver  Ihc  life  hliitorieti 

9tarfR-th.  Icibsler.  crab,  anil  /Wrrx.'— (I)  there  ha  gcneml  irndcncy 

to  alibrcviate  development,  and  (hii  ituf  more  importance  when  incm- 

morphoui  is  etpcoiiTc  and  full  of  riilci :  (a)  there  i»  no  doubt  that  larvie 

nhimt  chanicteri  which  arc  related  to  iheii  own  life  taihcr  ihin  to  that 

of  the  adnli ;  (3]  it  it  a  general  truth,  that  in  iti.  individual  development 

the  wnmlxm  hM  10  tccapllulate  to  Mmc  ctlcttt  the  evolniion  of  the 

race,  lAai  anloi^y  iKttpiculatm  j)hylogmy.     Kul  while  llirte  can  be  no 
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donbt  ituit  ihe  meliunorphotci  of  these  Cnulaccona  li  lo  wme  cMcnt 
inlcrprcuMc  ax  a  r«ci|uiul«iion  of  ilie  racial  liittnry,  f^r  ilicfc  uvr« 
OAMgRlcnloJ  animiili  Ijcfoie  Mgnicnlcd  romii  arcsc,  and  Ihc  Zaari  Ma)-* 
b  uiCDOtdlol  to  ihc  Jifyiii,  Slc^  ycl  it  dots  sot  follow  (hat  ancnlral 
CnMac«>iu  were  like  haupJii.  On  ihc  contnuy,  Ihe ^ow/Z/wj miwl  be 
RgBided  n  ■  laml  levcnioti  to  *  lypc  much  umpler  Ihui  ihe  BncMtml 
Cnulaecftii.  Moreover.  Ihii>  id»  of  lecapllulalion  olTcn  a  philoHipliiciJ 
tBtbcr  Ihan  a  mateniil  ('•.gilaiiatiun  of  (he  bctk 

Bionamia. 

Most  Crustaceans  arc  camivorouH  and  predatory ;  others 
feed  on  dead  creatures  and  organic  debris  in  the  water ;  a 
minority  depend  upon  plants. 

Paraxiti.im  occurs  in  over  700  xpccics,  in  various  dcgreet, 
and  of  course  with  varied  results.  Mosl  of  the  parasites 
keep  to  the  outside  of  the  host  {e.g.,  Fish  lice),  and  suck 
nourishment  by  their  mouths;  the  Khizoccphala  (f^., 
Sa<(H/ina),  send  ramifying  absorptive  roots  through  the  body 
of  the  hoHl.  Surneiimex  the  parasitism  is  temporary  {Ar- 
gului);  sometimes  only  the  femalci  are  iiarasitic  (ir.^.,  in 
Ltrnaa).  The  parasites  tend  to  lose  appendages,  segmen- 
tation, sense  organs,  &c.,  but  the  reproductive  organs  become 
more  feittlc.  The  hosts,  e.g.,  crabs  infested  by  Rhizo- 
cephab,  are  sometimes  materially  affected,  and  even  ren- 
dered incapable  of  reproducing. 

Some  Cru.ttaoeans  live  not  ax  parasites  but  3a  commensals 
with  other  animals,  doing  them  no  harm,  thoui^h  sharing 
their  food.  Thus  there  is  a  consUmt  partnership  lietween 
some  hermit  crabs  and  sea  anemones.  The  hermit  crab  is 
concealed  and  protected  by  the  sea  anemone  ;  the  latter  is 
carried  about  by  the  Crustacean  and  gets  fragnients  of  food. 

Masking  i.s  also  common,  especially  among  crabs.  Some 
will  cut  the  tunic  off  a  sea  s(|uirt  and  throw  it  over  their  own 
shoulders  Many  atuin  a  ma.ik  more  pauively,  for  they  are 
covered  with  hydroids  and  spongm,  which  settle  on  the 
shell.  There  is  no  doulH,  however,  that  some  actively 
mask  themselves,  for  besides  those  known  to  use  the 
Tunicate  cloak,  others  have  been  seen  planting  seaweeds 
on  their  luacks.  The  protective  advantage  of  masking  both 
in  offence  and  defence  is  very  obvious. 

The  intelligence  of  crabs  and  some  of  the  higher  Crus- 
taceans  is  well    developed.      Maternal  care   is   frequent. 


CflUSTACEA. 


Fighting  is  very  common,  but  the  loss  of  limbs  is  readily 
lepaired. 

Dtfcp  sea  Crusuccans  are  very  alnindsnt,  »nd  often 
remarkabli:  "  for  thcii  colossal  stjc,  their  bizarre  Tonus,  and 
brilliant  red  colourings;"  some  arc  blind,  others  arc 
brilliantly  phosphorescent  Yet  more  abundant  are  the 
pelagic  Crusiaceans  (especially  Enlomo»raca  and  Schizo- 
pods) ;  ihcy  are  often  iraiupareni  except  the  eyes,  o^cn 
brightly  coloured  or  phosphorescent,  ^laiiy  Crustaceans 
live  on  the  shore,  and  play  3  notable  [>an  in  the  struggle 
for  existence  which  is  so  keen  in  that  densely  crowded 
region.  The  lower  Cnistaccans  arc  abundantly  represented 
in  (k3\\  tratcr,  in  pools,  streams,  and  lakes.  A  few,  such  as 
wood  lice  and  land  crabs,  arc  terrtttrinl,  and  some  blind 
forms  occur  in  caves. 


1^ 


CHAPTER    XIV. 


PEHIPATUS.    MYKIOPODS,    AND    INSECTS. 


Series  Arthropoda.     Sub-division  Tracheata 
Antennata. 

CUbcs  PtOToniACHKATA.— /Vn/f/iu.     HyMOraDA.— Cenlipcdei 
Mid  MEIlipcdo.     [kskcta.— Iniocti. 

These  three  classes  form  a  scries  of  which  winged  insects 
are  the  dimax.  The  type  Ptripahis  is  archaic,  and  links 
the  series  to  the  Annelids ;  the  Myriopods  lead  on  to  the 
primitive  wingles  insects. 

W'c  may  speak  of  the  wrie«  as  Tracheata  Antennata,  for 
all  breathe  fc^  tnicheie — tubes  which  carry  air  to  the  reoeKses 
of  the  body—and  all  have  anicnnx. 

First  Class  of  'Crachcata   Antennata —  pRorxirxACKeATA, 
including  one  genus,  Prrijiatus. 

General  Characters.^ yA<  body  is  worm-likt  inform, 
ta/l  siinnfj,  and  wilhful  rxternal  MgnunMiott. 

Thfrt  ii  a  pair  o/ promiHtnt  frrf-oral  anttnna. 

Tbt  tmt  apffndagei  are — a  pair  of  Jaws  in  the  mouth,  a 
pair  oj  slime  seereting  ^rai  papilla,  numerims  pairs  of  sh»rt, 
imperfetlly  Jointed  legs,  <a/h  with  two  elaws,  and  a  pair  of 
anol  papilla.     The  legs  cnfain  peculiar  (eoxal)  /(lands. 

HesptralioH  is  effected  by  numerous  Iraehea,  wkost  opening 
are  samtwhal  sealterrd  on  the  surface  of  the  tody.  The  heart 
is  limply  an  elongated  dorsal  vessel  with  valvular  apeningt. 
Thert  is  a  series  of  excretory  tut>es  or  nefhridiit.  The  haloes 
of  the  ventral  nertt  cord  are  widely  separate. 

The  single  genus   Pcripatua  is  reprtiented  by  numerous 
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(tuvJwJ  ^uiei,  widely  dhfribuled;  in  Us  posstision  0/ trachea 
and  n<pkridia  it  is  an  interrsHns  canntding  link  ;  in  matty 
ways  a  sums  to  br  an  old  /aiAioHtd  survivor  0/  an  archaic 

The  n>ecies  of  Peripatus  src  beautiful  sniinals.  Profesaor 
SedgvricK  »)■! — "The  exquisite  sensitiveness  and  continu- 
ftlly  ehanf^ing  form  of  ihc  anlennic,  the  well- 
rounded  i>liini|i  l)0<ty,  ilieeyes  set  tike  small 
diamonds  on  (he  «de  of  the  head,  the  deli- 
cstc  feet,  and,  above  ull,  the  rich  colouring 
and  velvety  texlurc  of  the  skin,  nil  comlnne 
(o  give  these  animals  an  asiied  of  quite 
exeei>iional  beauty."  As  to  their  habits,  Mr. 
Haicheit  Jackson  says—"  They  live  under 
stone*,  in  rolling  wood,  &c,  in  rooisl  places, 
src  nocturnal  in  habit,  and  feed  on  insects, 
&c,,  which  they  cnvnare  by  ilie  ejection  of 
sHme  from  ihc  oral  papilln."  To  their  shy 
habits,  their  persistence  is  possibly  in  part 
due.  They  arc  able  to  move  quicVly,  some- 
what after  the  fashion  of  Millipedes,  especi- 
ally like  ^otoptndrtlla.  Young  forms  roll  un 
when  touched,  and  have  been  seen  to  climb 
up  vertical  glass  plates. 


Kin.    91.— 

Kilrtiial  fotnj 
of  rtMipnlui. 

(Abcr  Bal- 
rotiH.I 

Ke»  uilurat 
fend  tinplt  fccL 


TW  •pcdn  >ckt)Owlc«lt^  by  Sfdpvick  «ro ;— Foot 
hum  SoWli  AUo— /*.  tafomi.  P.  tatftitri,  anil  /'. 
trtvii  (tarn  Tabic  Mounuin,  and  P.  imstUyi  from 
neai  WillLunilown  ;  lH<o  flom  AuilnluJa— /*.  WMr 
u^IjmJk  fnini  New  Zcaluitl.  u»)  P.  ktuiarti  \itan 
QaMMlKnd :  wvrn  from  ncatrojMal  rqriotM — P.  tthirarJiii  Irom  Oira- 
CBK,  P.  imiiurmi  "t  dfuranKui  from  Dcmcrua,  P.  irimJaibHiu  and 
P.  ImMm  ttom  Trinitliiil,  P.  iaiip^nmii  horn  St.  Vincrnl,  P.  rAilatiii 
fnm  CMU,  P.  •fiiiltnui  from  Eeuadar,  be*Ue>  which  tSerr  tat  some 
dMblM  fotan.  The  lUi  (bow*  how  widely  this  rvnurkablc  g«uui  U 
iHUtilMiTd. 

Aa  (he  iltlTcmil  t^iMki  tNvc  ttmllai  Ittblti,  aod  tivc  in  rciy  umJIu 
comblkiiM,  Iha  differaMM  bclmcn  them  potiapi  Oliuirue  punly  coii' 
UtmioiMl  variUNOi. 

A  m*f*  DHalitJ  Atiimtl  tf  Ptrifalui. 
A™».— Th«  body  wccni*  an  Annelid  m  a  cucipillat,  Inil.  afian  from 
ih«  ajifwiiriaKO,  Iherr  U  do  citcrnal  u^mTOtailon.    Ont  th«  wA  ikia 
•f*  numcmut  minute  *a>(t  wlih  taall  MMlea.    The  moulh  it  vential 
■Ml  wtiUfAiM  t  tk  UMH  tamfaMl  and  paturior. 


DETAILED  ACCOUNT  OF  PERIPATVS.  »»j 

AffitnJafri.~-Ti\t  Iwo  Isigc,  ringed  anlvniur  do  not  teom  lo  be 
homoldgoui  with  limln.  The  linl  pnit  of  a]ipcnil>i;i» — ilouble  Kicklc- 
Kk«  iaw*— lie  in  Ihe  mouth  ar'ny.  A  little  further  buck  nie  Iwo  cir»1 
pa|rill«e  Irani  which  sUmc  li  ivudcti.  Then  ihcie  ue  the  14-41  «luin&- 
lihe  Ufi,  each  with  two  lennlnal  chilinoui  clawi.  In  the  jtoutib  A 
uftHUs  lh«  Iq;  U  nld  10  be  flve-joLnicd,  hut  in  ilic  i^ultii  there  Is  nn 
tt«ee  of  thik  In  rctpccl  lo  iu  legk,  therefore,  I'irifalui  in  liaiUly  ut 
Anhropod. 

Stin.  —  The  chilinont  cuticle,  onltnsiily  thick  in  Arlhrupodi,  ii 
ileliaite.    The  ectodmn  [hypodcrmii.  or  epiilcnnis)  11  a  Bugle  uyci  <A 

The  Atuuulat  Sytltm  is  i<ety  well  ilevelopcd.  (1)  ExlcmBlly  there 
ii  >  UjFcr  of  circiiUi  nxiKclet :  (i|  within  thi*  lia  a  iloulile  layer  of 
du^nal  GbtMi  (j)  inlemally  there  are  titoni:  1an|>ituclir>al  butidlM. 
KinaUjr,  in  connection  with  thi«  inlernal  lujrcr,  Ihrrc  uo  Rbrca  which 
(Uvidf  the  liody  caTjty  into  a  median  anil  two  liinal  ci>m|Nirlnientf. 
The  median  iodudn  heart,  gut,  lUroe  claadi.  tepraduetii'c  urgani  i 
the  latemli  include  the  nerve  cordi,  Ihc  atlivory  sl'ndi :  the  legs  cotf- 
tkin  tiej^ridla  and  cautt  or  crural  glnniU.  Stnped,  tipidly  contracting 
miuclet  are  chaiaderidiic  of  Atthmiimlii,  but  In  Pirifiatut  the  niusclex 
•r«  uoMripeil,  cKOeplinK  lho«c  which  work  the  jnwt  anil  are  pcrhop*  iho 
niMI  icIiTe. 

1\itHtrtvmt  5)<jrfiHcansi*U(if  adondbrain  uidlwowidelvnpante 
lateral  veniral  ner>e  coidi.  Thetc  lue  oonitectcd  trsnn-enely  liy  numet- 
on*  coinmfMurct,  aic  slightly  kwollen  opiioslte  each  pair  of  legs  to  which 
thry  cive  off  nerrn,  wid  aie  united  (JoMeiiorly  over  the  anui.  1'lierc 
•le  fiiilyhinlk  of  nngliu,  but  llicrc  ih  «  conlinuouit  layer  of  gaiii;tionlc 
cclla.  The  hiain  »  vny  homogencouB,  linplee  than  that  of  most  Iiutcta. 
From  Ihe  bnun  nerva  poii  to  the  aolennx,  ftc,  and  two  viicerali  or 
nrminlhelic*,  soon  uniting,  innervate  the  aoleriof  pnci  of  the  gnt. 
^eiise  orgMii  ate  reptesenleil  hy  two  simple  cya  on  the  lop  of  the  heod. 
These  are  mMl  like  the  eye*  ol  tome  marine  Annctldi.  Itehind  each 
there  liet  a  kpeciHt  opilr  lobe  connecled  with  the  brain,  but  the  eye  Itielf 
»rl»n  w  a  dimple  in  the  tkin. 

AlimfitiarY  Carta!.  ~V.'\iu\A*^naM  the  tnoiilh,  mplljr  urni  lo  have 
diied  to  fono  a  "  mouth  mviiy,"  which  includtBlne  ninndililcs  a  median 
PmI  or  tongue,  and  the  opening  of  the  mouth  ptopn.  The  muulh  XraAi 
into  k  niusculai  pbarym,  into  which  o|icii>  the  common  duct  of  two 
Imsc  Mlinuy  Flandt,  which  ctlcnd  iir  buck  alone  Ihc  body.  Mouth, 
pharynx,  and  isliort  iHophacu*  are  lined  ti)'  n  chitinous  cuticle,  like  that 
of  the  vxterioi.  The  long  dignlivc  triiion  <n  mid  |[ut  eitendi  &oni  the 
tceood  leg  nciuly  to  the  end  of  Ihe  IkkFjt.  [k  watlb  are  plaited,  l-'iiially, 
there  U  a  ihort  rectum,  lined  by  a  chilinout  cuticle. 

drtfhtarjt  Sysltm. — The  donal  blood  vtTEtel  fum»  a  long  contractile 
hoirL  It  lies  within  ft  pericardial  ipoce.  and  receives  blood  liy  w^- 
mcMidly  arranged  apenuics  with  i^lves.  The  ciicuUlion  it  mostly  in 
ltl-<lelincit  tpacea  in  the  apparent  body  cavily  or  "  hnmocoJe." 

The  Ktifiralary  Syittm  conioMs  of  very  long  and  very  bie  un  branched 
Inehee,  which  are  wiilcly  dl>>iril>ui(d  in  lh«  body :  a  number  open 
Hitler  to  Ihe  eiterior  in  Hn^k-like  cleprasiona.  ThCK  npenliiK*  or 
Sligmnta  ore  difiiiie  and  irregular  in  /Vrr/j/iu<dWanAi'i.but  in  P.  mftniU 
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dKfc  ■  a  Aanai  tad  *«Mnl  raw  oa  <adi  Me.    la  F.  i 
the  ineh^  m  laid  to  te  ln«d>cd. 

Tfce  Kur^fry  SrMem.--A  tadi  of  nephridla  lie  ia 

Tilt  r  iMir     iliiitiiiiiiMl rfii«1  fiiiBil,  I  liniiliMil.  will  ■  itfc 

■aide  wUeb  open  Mar  UwhaMcfcMbkc.  TJ^vtatOL  iw|  iWlfci- 
Mt  from  tboM  M  naAf  rtnnaliih.  boi  diak  mciiiiin  io  a  TmcftMC* 
k  w—AiHi.  Th«  nltvn;  claadi  and  the  (niul  dKU  ate  ptabaMf 
nodifad  anhriilia.  Ii  may  m  naUd,  loo,  thai  the  ame  i*  pobap 
traeoftlK  ''couU  Blands  ~  iM  jUamliu  and  of  ibe  aaiteanMy  KMnd*  of 
OwttMsn. 

Cnualof  CoulOlasdtlkiaihekfiaiidDaeBtollwciitcriaf.  Tbtlr 
«MMiliKii«ac«n«iB,  tlwbocc«rtanocl»TarU4«.  Ttwa  in  /*■  i^marMi 
tbay  onnr  ia  the  main  antf,  in  /*.  ttfnuh  tk«7  are  prwant  In  both 
MBM.  Id  Ihc  mak  of  /*.  t^tntii  (he  lu<  pan  uc  *eiT  lone  (<^., 
n^  «3).  The  laive  nucix  CMidi,  wtdch  poat  fbctli  ilime  fnaa  ibe  ooJ 
paniK,  a(c  Mgiudied  m  modified  couJ  riaodL 

JtMrMlMMw  ^en.~(a)  FcnMle  (of  P.  tJvaniiit\—¥ttim  (bt  nro 
ovtrfct.  »bieh  ate  MfraiBded  b^  ooe  eonscetive  lianie  iheaiK  >be  e(gt 


y-JV. 


Fill.  9^— UuKction  of  Foripatut  capetHit. 
(MM  BALKHIB.! 

mt',  Aiii4Diia:  #r^.  onl  paidllB;  c^.,Ganbnl  guiglia  ;  ttJ., 
duel  of  illni*  cl>nl  (i/^Oi  '-''A  HBimul  otiaa  «  nrphrlitiun 

athib  i  »-r.,  Tfliirfel  Auv«  oviDecicil  v)r  uuurtnt  coiuiAiHunk  0^.) 
Ph  li*  IcUov  ;  fx^.  laat  cntn)  cUm :  t-f^lf^  tt*tni«alh  iw^ 
rMlum  :  f,^.  («r>lul  afwrtnn  ;  A,  anua;  /^<m  iim«*1ar  o>n' 
iniHu'i  ;  ^,/7,  tcv*ni**nih  iLpprMibfi:  mj^,  biii  cnir*l  cluid; 
A.',  ^'f,  Ati  thd  Kc<ind  Iro  ;  iv^f^.  cn«ph3C4»]  ncrw  aHnmi*< 
win. 

. ,(  liy  iHTi  Icini;  ilucia  Itadins  to  a  Mminan  tenniniil  vtgina  opcnina 
iwlwci-n  ihc  Kcond  lul  leg*.  Ttioe  duda  ate  fbi  Ihc  moat  part  men, 
but  Oil  what  may  be  calleil  Ihc  onducl  poillon*  odjoinlni;  the  ovaries, 
thfre  are  iwo  pain  of  pouchc*— (a)  a  pan  of  isecirtacula  wmlnli  (for 
uarinK  ihe  »peraiatoaaa  rcccltol  •liirio):  co[nilatioii)>  and  a  |Mir  of 
faomueula  onnun  for  ator^ni-  frililiicil  ckkv 

file  tggt  ate  hatched  in  ihr  ulcii.  and  nil  slaaet  ait  there  to  be  found 
In  regular  otdar.     The  jruung  emtiiyai  leeni  to  be  connected  lo  the  «rall 


licl< 
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of  the  utero*  \rf  whnl  \\»g.  bc«n  called  n  "  plaocnia,"  to  lugjealin  b  U  of 
BomirnLlton  EoIUian.  The  oldci  enib«)<n  lo*e  IhU  "pWcnla,"  but 
each  lies  oanttrkicil  off  fcoiu  its  nci|ihbiiun.  Wlim  born  the  faung 
letcmUc  the  Mienti  cmpi  In  tiie  ami  ciilmii.  In  P.  nvvn  xtatAnilui, 
the  ova  pan  (toid  Iht  ovaiy  into  Ihe  utciut  in  December,  and  ihe  young 
arc  bom  in  July— a  lone  period  of  jj^lBCion. 

(#)  MalcM/*.  ^.AvitnAit).  The  mole  elements  ore  pioducetl  m  (moll 
leilB,  jmi  thence  into  two  tcminal  tc^Ics,  and  nnwaidi  by  two  vaw 
defcrentia  Into  a  Ioih!  >i'i>i;Ic«)acuUtory  doci,  which  opent  In  (ronioflhe 
onu).     In  (he  ejaculatory  <lucl  (he  •]}emiatoi«a  are  made  into  a  loiw 

jMcket  ur  ipetmalojihore,  which 
IS  atlachc<l  to  the  female  during 
copulntion. 

t\VhiIe  it  \i  chatactcriiiic  of 
Aitlircjioilii.  in  ultich  the  dc- 
tdojiHH'ril  of  elilliii  ii  "1  ]irc- 
'tt-mtnant,  llinl  cilinlcd  epi- 
thelium it  nbHiiI,  it  Hcms  itint 
in  Feripalui,  which  is  much  less 
chilinoui  than  the  othen.  ciliated 
cellx  occur  in  *ome  puu  of  the 
rcprodaclive  duels,  and  porhapa 
also  at  the  internal  lunnels  of 
the  nephridia.  This  b  Indeed 
what  one  would  cxpccLl 

DnttopmrnI  tf  PaifMUi.— 
Therv  l»  a  Ritaiwe  variety  of 
dcvclopmeni  in  difleient  ipedea 
of  this  cenui.  Thui  there  it 
much  yolk  in  the  ovtim  of  P. 
iMru  ualamiiii,  extremely  little 
in  that  of  P.  tafitmii.  In  the 
former  ipccici  the  yalk  has  a 
manifold  origin ;  It  it  said  to 
arlao  in  the  p(iiioi>la)im  or  the 
omim  itKir  Iciim  the  htcaking 
up  of  the  germinal  veaicle,  from 
surrounding  IbtUcle  cells,  and 
liom  yolk  present  within  the 
ovary.  In  A  /n/tmu  and  P. 
ial/Sun  ipennaioioa  teach  the 
oraiy,  and  there  prohably  the 
ova  are  fertiliaed,  but  in  P.  hmm 
italaip,ii,r  the  spermatoaoa  ate  confined  to  the  tcceplAcuTuni  uininiH, 
near  which  feniliuiion  ncenis  to  occur.  In  the  maturation  of  the  ova 
of  y.  fd/cHi/i  and  P.  ial/euH  two  poloi  bodici  are  cilru<lcd  as  usual, 
but  Done  have  been  ohMrvetl  in  the  case  of  P.  iwne  ua/anA'-r. 

Is  P.  t»ftiuit  the  "  Kfmentation  "  b  remarkable,  for  true  cleavaoe  of 

celbdociDOl  occur.    The  (iitly  "segmented"  ovani  do««  not  exefbit 

tbc  uaual  cell  limits.     It  ii  a  protoplasmic  man-~or  iiyncylium— with 

«>ny  nuclei.    Ev^n  when  the  body  is  formed,  the  continuity  of  cclb 

19 


Fia.  94.— Embryos  of  Ptripaimi 
tafrmii,  ahowing  clonitc  of^hlaa- 
topore  and  curvalnro  of  embryo. 
(After  KOKHriiit.T  and  IIbiush.) 

a,  Anu :  U,  blMMpart  1  m.  oioulh  1 
/••  jpiariiin  HCHUDu;  •>.  mo*  tf 
cnlBuwloo. 
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peraUU,  nor  doM  the  ulull  lock  tiaeei  uf  Jl.  To  rmfcaoi  Scdawkk, 
thU  Hin^uUr  &cl  tuo^eilcd  the  theory  Ihai  the  Metiun*  may  hairlKiiua 
u  mulImucleUc  iDhucciiui-lilie  uim&lt. 

Tbc  gui  ap|>cBn  u  a  loige  vscuote  within  th«  tnullinuclcalcd  nuM, 
and  a  guirulu  i<tattc  a  Ihiu  csloblithcd. 

In  ine  ovi  of  P.  mnr  cMjEdm^lte;  wtitd)  have  much  voJk,  a  tupeifidal 
multiplintion  of  nuclei  formt  a  sort  of  bliModcnn,  which  i»M«dt  ovei 
almotit  the  entire  ovum.  The  HementMlon  In  thii  cmc  h**  mcd  olkd 
conlrolecilhAl  [Ih«  tnir  chunderiKtic  of  Ailliropodt),  but  it  it  agnin  trua 
thai  for  a  longlimc  tne  celli  do  not  ciiit  u  well  dc^ed  imiti.  It  baa 
heen  uud,  indeed,  that  "the  cmbiyo  a  formed  bvaproce»of  cryiljJlis- 
ine  out  ia  ntu  from  a  mau  of  yolk,  nmong  which  U  a  ptDloplatmic 
r^culuin  oontajniii£  nuclei." 

From  these  caample*  the  nudcnt  will  jKioei^'c  how  diilicull  It  U  to 
give  a  succinct  account  of  the  developnicnl  u(  Ptnfatui, 


Dtvticfimtnl  »/Org*m. 

The  hypoilecmii  it  i-ciodermlc,  the  cuticle  an  cxtunnl  product 
thei«of. 

The  muscles  arc  ai  usual  derived  fium  the  mi'iioilcrui>  whidi  aritra 
from  two  ventral  moodennic  nnuadii  Tbne  are  mbsnjiicnlly  diiided 
into  hollow  Ksmcnls.  The  true  bodv  cavity  or  cnclonie  it  icptcurnted 
by  Ihc  oii|;itu,T  cai'ilicf  of  the  mc*nclcmi  iw(;mer<l>-  In  Ihc  adult  this 
Mnex  of  truly  di-loniic  oviiiet  i%  hanlly  leptcKittcd  except  by  the  innet. 
most  [lorlioniof  thencphridia.  The  apparent  bodycavity  i>a  setondaiy 
cavity,  coniiiiliniE,  for  the  moil  |»rt,  of  blood  CMfving  or  vascular 
ipacei,  suteeaiiently  established  in  ibe  mesoderm.  It  is  divided  into 
nve  ict;iont,  the  central  space,  the  two  iBleral  conlieK,  and  the  cavities 
of  the  l^;^ 

The  apiienda^ci  are  ou^rowthk  of  the  body  wall.  They,  and  all  the 
Wgmentally  airanged  pJ1»i  develop  ptogreuively  from  in  front  back- 
wanls. 

The  nervous  system  is  derived  from  eclodermic  ihickenings  which 
link  intranb.    It  develops  fiom  in  6rant  of  the  mouth  bockwudi. 

The  GMd  canal  comisis  of  the  long  endodeimic  mid  gnl  or  mc»enieron 
(the  gumila  uvily),  of  on  anlnioi  cctodcrmlc  invaflnatluii  furm' 
ii^  pharynii  and  euttci  (fore  pit  or  slomatodicuinl,  and  of  a  aliort 
piMlctior  oclodeimlc  Invat^naiion  forming  the  rectum  (hind  ^l  or 
practodaeum). 

The  ncphiidia  have  a  twofold  origin.  The  internal  funnel  Is  derived 
directly  from  part  of  a  maadetmic  segment  oi  veiicle.  The  red  oif  the 
nKditidium  ii  invoginalHl  from  the  ectodenn. 

The  reproductive  oifant  arise  on  the  epithelium  of  apcniMcnl  portion 
of  the  true  coclome  or  pilmiiive  body  cavity. 

Ztttogkat  Puitita  i>f  P<rifatm.—Vt6(t»tot  Lang,  in  his  work  on 
Comparative  Atialoniy,  summariMs  the  synthetic  chaiactecs  of  PirifMHt 
tA  fuUowt :  — 


MYKIOPODA. 
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AxNKLin  Chaxactuiistics.       Trachkaik  CHAiLAcn»imcs. 


The  [itcMfnce  of  Inchne. 

Tbe  nalurp  of  the  hearl  and  ihc 

Ikcunar  drcuUiion. 
The  iDCKliliottKici  of  appenilBGa 

ax  ninulh  orgaiu. 
The  form  of  ihe  (all vary  2l>niJ>. 
The    HinallncM   uf    I  he    genuinr 

body  cavitf  oi  carlome. 


Scgmmtallyornuigcd  ncphriiliau 

in  Cluclopodi. 
StgmcnuJI  yanangod  wuil  glatidi. 

like  timitar  glanilx  Id  i^omc 

CluclomKla. 
Th<  nnuciiuj  eniilicathing  cf  ihc 

body. 
Lew  important  ate  the  iiump- 

like    Icgi    and    ili«    umplc 

eye*. 

The  lodilei  like  character  rA  Ihe  vcnlnl  nervoui  lyilem  (cC  [iriniilivc 
MoUuacs,  Phyllopod  Cruslacean*.  and  Ncmcricnni)  is  proliablir  primitive. 
Hut  Mlivaty  fflandi  and  genital  ducti  are  homolaeniu  wilh  ncphridia  is 
■  liul  ti  much  niomholDgical  inicrol.  It  i>  pouible  Ihal  the  ilime 
flaad*  aie  modifmtbnt  of  coial  or  cruial  glaiiil*,  and  ihai  die  laltei  are 
noiaologou*  «i(h  the  pinjKidial  uland*  of  tome  An^clid^  It  ih  not 
Mttain  thai  the  anion&ot,  javra.  and  oral  p^ilUe  of  FtrifWui  preciwly 
cOTToponil  to  the  Mitenne,  nuodiblei,  anil  nnl  muillz  of  ImectK. 

Oui  gennal  eonclualon  U  Ihal  Pcrlulun  ix  an  archaic  lypc.  a  lurttvor 
of  farmk  which  wore  anccffral  to  Tncheau  and  cloirly  reUlcd  to 
AnnoHdt. 


Second  Oass  of  Trachcata  Antennata.    Mvkiopoda. 
Centipedes  and  Millipedes. 

These  animals  ictain  a  worm-iilte  shape;  the  numerous 
lings  of  the  body  and  the  appendages  they  bear  are  very 
uniform  ;  there  is  little  division  of  labour.  It  would  be  rash 
to  assert  that  any  of  the  inoderD  Myriojiod-t  are  stages  in  the 
pedigree  Oif  InicctH,  but  it  n  likely  (h.-il  the  two  classes  are 
branches  from  one  base.  Simple  wingless  insects,  known 
as  Collembola  and  Thysanura,  arc  closely  approached  b^ 
Buch  Myriopods  as  Si^opmdrelh. 

Both  centipedes  and  millipedes  live  on  land,  but  two  or 
three  of  the  Utter  if  4^,,  a  species  of  Gtophitui)  occur  on  the 
seashore.  Most  are  very  shy  anlmal.t,  lurking  in  dark  pbceii 
aiid  avoiding  the  light. 

The  liKad  bear«  a  pair  of  antenna:,  and  two  pairs  of 
appendages— mandibles  and  maxtllx.  The  limbs  arc  six- 
er sc^-cn-jointcd,  clawed,  and  *cry  uniform.  They  have 
many  more  legs  than  insects,  but  they  make  less  of  them. 
The  nervous  system,  heart,  excretory'  tubules,  &c.,  are  like 
tfaoae  of  Insects. 


1^     ratirjTvs.  MnaofODS,  amd  msMcrs. 

The  dndofRBcnc  in  smu^  ""F*  wiggsstt  and  IohIs  up  to 
XVRIOPODA. 


OwtJwo^^CwiLiwtrmt 


9ai, 

A  p^  of 


Tmrtiil  iMiJM  Ftii  iin  1 1 1 
£i^  B^jjQ^  ODMiitt  a£  MA  *■- 

pOfllAL 

Tim  foUowi  s  k^  BHht  pble, 
baide  wUeb  we  ibe  two  pofaoB 
dun. 

A  tloek  poMcilec  (coiul  apa- 

tUR. 

EnmDica  &piMMB*a. 

UtiMmt. 


no  *kn  M«  pafacd 

L  two  |Bin  a  tfi^iiHlttr 


iNt4otad|*(r, 


NoloArpkie. 


Gcnul 

MCMd  Of  dud  t«ii 


ea  ibe 


to  refetaiee  lo  habku,  U  b  liUeRsl»(  U>  mte  Ihu  U  kwt  two 
Mjriapod*  Gt»fJkUmt  mtmtrimia  and  JjuH^mia  mtrittam.  aeon  on 
BntW)  CMicti 

Aa  diuiMt  boM  ibc  two  diiff  lob-elMMM,  it  b  |>aliap  wtrc— ly  lo 
wcnfBiit  athef  iw»— PaorapiNli,  «^^  Amtim/,  ud  SypfcjU.  <^., 
Si^tmlrtlS*.  The  Imi  MmtJ  appwiacbw  (iaadj  to  ike  »o«l  pftml- 
tiTC  mstcii  (ColkMbok  and  ThynHaV 

Third  Cbus  of  Trachcata  Antennata.  Iksecta. 
Insecu  occupy  a  position  among  the  backboneless  animals 
like  that  of  bird*  atnonfc  the  Vertebrates.  The  typical 
niembei*  of  Iwth  cbwcs  liarc  wings  and  the  power  of  true 
flight,  richly  aerated  Uxlitrs,  and  highly  de\-e)oped  nervous 
and  MMOty  organs.      Both  arc  very  actiTc  and  brightly 


THE  COCKROACH. 


>« 


I 

I 


coloured    They  show  [xirallel  differences  between  the  sexes, 
and  great  wealth  of  species  within  n  narrow  ran^e.     One  I 
expects  to  find  that  insects,  like  birds,  hare  a  high  body 
tempentture. 

Gknkkal  Ckakactsrs. — IJiu  other  Arihvfodt,  Insetts 
have  ugmtHted  bifdits.,  jointed  legs,  ihitinous  armature,  and  a 
Vtntrai  tkatn  of  ganglia  linked  to  a  dorsal  brain.  Compared 
with  Peripalus  and  Myriof-ndi,  adult  imeels  show  tomentra- 
lion  of  the  body  segmenti,  deereau  in  the  number  and  inereaie 
in  the  tpiality  of  the  apfendage4,  and  wingt  itnthat. 

Jnieelt  art  terrestrial  and  aerial,  and  rarefy  aquatic 
animals ;  usuaify  winged  as  adults,  breathing  by  means  of 
trachea,  and  often  with  a  metamarphosii  in  the  course  of  their 
growth. 

The  body  it  divided  into  three  distinct  regions, — head, : 
thorax,  and  abdomen.  The  head  bears  three  pairs  of  mouth  . 
appendage  J  (  =  Itgs).  and  a  pair  of  preoral  Mt-grawthi— 
the  anienntr  ;  the  thorax  beurs  a  fair  of  legs  on  each  of  Us 
three  segments,  and,  typically,  a  pair  of  wings  on  each  ef 
the  posterior  /kw  ,■  the  abdomen  has  no  appendages,  unUss 
rudimentary  modifications  of  these  be  represented  by  stings, 
ot/ifositors,  &•£. 

First  Type  of  Insects,  Periplaneta  (or  Blalta\ 
The  Cockroach. 

The  cockroaches  found  in  Britain  arc  immignmls,  cither 
from  the  East  (P.  orienlalis),  or  from  America  {P.  americana) ; 
the  Wo  species  closely  resemble  one  another.  They  arc 
omnivorous  in  tlieir  diet,  and  active  in  their  habits,  but 
they  hide  durii^  the  <tay  and  feed  at  night.  Tliey  are 
uncient  injects,  for  related  foTtnit  occurred  in  Silurian  ages  ; 
they  are  average  types,  for  they  are  neither  very  simple  nor 
very  highly  specialised.  Their  position  is  among  the 
Orthoptcra,  in  the  same  order  as  locusts  and  grasshoppers. 
TIk  young  arc  hatched  as  miniatuic  adults,  except  that 
wiiWS  are  absent ;  in  other  words,  there  is  no  metamorphosis 
in  development. 

The  skin  coriMsin  of  an  external  chilinouti  cuticle  and  a 
subjacent  cellular  layer — tlic  epidermic  or  hypodermis — 
from  which  the  cuticle  is  formed.  The  newly  hatched 
oockroachcs  arc  white,  the  adults  are  dark  brown. 
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TiioaAS. 


(()Thinlr>ifgfl«p.  Ex^W 
OMuMi  if  mtaif  )>lnu— ■ 
taaal  "  oua  "  viih  a  Hial 
"m^anHr"  ai  iu  dittal 
fnd.  a  '■  rvoiw.'  ■  "  ilbia,' 
a  kU-je£ni«d  Unua  or  fotH 
•adini  in  a  pair  cf  timn. 


ArrnrDJwn  (!><>' """ 

AnDOIcaM. 

Tao  clgar«*hap4d   laclUr   anal 
unl,  ATlAclivd   uijjvf   (he 

an   0gB4|}i|y   rt^ift   aC  ilia 
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bear*  a  naTr  *f  fciyl*^  p«- 
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vaSmtaUKj  ia  taula  of 
AfniraMBl. 

((>  A  rah  if  larahtanaM 
«'■■■.  MiBHwii  Bled  la 
aiChl,  folilid  *fc«  not  <B 
■ai.  abKni  h  fcaaU  «r 
P.  triimialH. 

Btcawn  (ha  ■ihbiiiiIi  of  Uh 
tbonii  an  iko  laln  tt 
napinlofT  apamvo  Of 
•tlpawa. 

OrwBi  SraocTUUH  «■  m 
Abdviuw. 

A  ttix  iA  tilfiHU  MtHi  bt- 
n>*in  Ibi  idc**  ef  the 
iHUa  ani^  M4na  in  dua 
Ana  tltthi  kMuiini  wf 
meiUL  Tliwi  al»  (btiv 
fon  twenty  allfDiaiii  in  alL 

The  <nu>  U  itrmmal,  h*Halh 
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fal  p]iilr*"lii  hnidt  U' 

fix  jfciiiial  fepcuun  I*  l«r- 

mindii.  vafiirdi  lo  ihe  afioL 

Thf    OMi"ni[   lA    llw    i»ar- 

■uatliH*  -^  Lhe      frmslt'* 

lotoa— t^  OA  Uic   niiiLb 
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Moulting,  which  involve*  a  cnsting  of  (he  cuticle,  of  the 
intcfnal  lining  of  the  irnchcx,  fcc,  occurs  some  seven  liincs 
before  the  cockroneh  Mtains  in  its  fifth  year  lo  maturity. 

The  musdfs,  which  move  the  appendages,  and  produce 
abdominal  movements  cajcniial  lo  respiration,  are  markedly 
cross  striped. 

JVenums  Systtm. — A  pair  of  snprs-ocsoph^gcal  or  cerebral 
ganglia  lie  united  in  the  head.     As  a  brain,  they  receive 


uncp 
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I.  .Vm,  MwicKblii:  11.  T\ni  Mulllv:  1.  (vilai  <(,  aifrt;  L, 
Ucmia  ;  |7,  fait*;  "f-f,  mqailWy  palp^  Ml.  ?t?»iii1  MajJIIm]  m 
L«hiujn  ;  j.M,  <ubn1tniDii1  L  •*.  Bgnium  ;  t.  laclnuc  :  ff,  inn. 

impressions  by  antennary  and  optic  nencx.  By  means  of  a 
paired  commissure  surrounding  the  gulk-c,  ihcy  arc  connected 
with  a  double  vcntml  chain  of  ten  ganglia.  Of  these,  the 
first  or  sub-ccsophageal  pair  are  large,  and  give  off  ncn-es  to 
the  mouth  pans,  &c. ;  from  wen  of  die  ganglia  of  the 
thorax  arvd  the  abdomen  nt»%-cs  are  ^iiven  off  to  adjacent 
ports.     There  are  three  pairs  of  ganglia  in  the  thorax,  and  six 
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in  the  abdomen,  of  which  the  last  is  the  laigest.  From  ihe 
oesophageal  cominixsureft  two  visceral  nerves  are  given  off, 
which  funn  in  a  somewhat  complex  manner  the  innerration, 
of  jiullet,  crop,  and  giuard.  Ucsidcs  Ihe  Urg<:  compound 
eyes,  there  arc  other  sensory  structures — some  of  the  hairs 
on  the  skin,  the  maxilla:  (to  some  extent  organs  of  tastcX 
Ihe  antcnnic  (tactile  and  olfactory),  the  anal  cerci  (tactile), 
and  possibly  the  oval  while  patches  on  the  head. 

Alimentary  System. — (i)  The  fore  gtil  (i-tomaloda^um)  is 
lined  by  a  ehiiinous  cuticle  continuous  with  thai  of  the  outer 
surface  of  the  body.  It  includes  (n)  the  buccal  or  mouth 
cavity,  in  which  there  is  a  tongue-tike  ridge,  and  into  which 
there  Opens  the  duct  of  the  salivary  glands  ;  {i)  the  narrow 
gullet  or  oesophagus ;  {e)  the  swollen  crop ;  {J)  the  gi/vard 


Fic  9&— Tiansverv  section  of  Imcci.    (Aftei  Paokakd.) 

Jl^  K«R1  r,  RBlI  i*,ntr«canl;  il,  mIcou;  tr,  Inclm:  •■ 

vins :  /,  (lOiar  of  Icf. 


with  muscular  walls,  sin  hard  cuilcular  teeth,  «nd  some 
bristly  puis. 

Tlierc  is  a  pnir  of  dilTuse  saltvftty  glands  on  each  side  of 
the  crop,  and  between  each  pair  of  glands  a  salivary  reeep- 
taclc.  The  ducts  of  the  two  salivary  glands  on  each  side 
unite,  the  two  ducts  thus  formed  combine  in  a  median  duct, 
and  this  unites  with  another  median  duct  formed  from  the 
union  of  the  ducts  of  ilic  receptacles.  The  common  duct 
opens  into  the  mouth. 

(a)  The  mid  gul  (mesenteron)  is  lined  by  endodenn.  It 
is  short  and  narrow,  and  with  its  anterior  end  seven  or  eight 


^ 

REPRODUCTIVE  SYSTEM.                      a?? 

chib-sbapcd  digestive  outgrowths  are  connected.     These 
sean  to  have  a  pancreatic  function. 

(3)  The  hind  gut  (proctodecum)  is  lined  by  a  chitinotis 
cuticle.     It  is  convoluted  and  divided  into  narrow  itcum, 
wider  colon,  and  dilated  recium  with  six   internal  ridges. 
From  the  beginning  oT  ihc  ileum,  the  excretory  Malpighian 
tubules  are  given  off. 

Rtspiratery  System. — The  tracheal  tubes,  which  have  ten 
1           paini  of  lateral  apcnurcs  or  etigmata,  ramify  throughout  the 

Cirvulalivy  System. — The  chambered  heart  lies  along  the 

mid  dorsal  line  of  abdomen  and  thorax.     It  receives  blood 

1           by  lateral  valvular  ajienures  from  the  surrounding  pericardial 

spac^  and  driven  it  forwards  bv  a  slender  aorta.    Theblood 

circulates,  however,  within  ill-defined  spaces  in  the  Wdy. 

The  Extrttory  Sysifm  consists  of  sixty  or  so  fine  (Mal- 
pighian) tubules,  which  rise  in  six  bundles  from  the  beginning 
of  the  ileum,  and  twine  through  the  "  fatly  body ''  and  in 
the  abdominal  cavity. 

Xeproduetive  System 

Op  tub  Ualk. 

Op  thk  FsitALK. 

Tbc  tatt*  arc  iniml  citz^nt,  tur- 

nrandfd  by  tb«  f.illy  tiody  bdour 

'                    tbe   51I1    itnd   tilh   iibdQDiitml 

lorn,      They  altoiiliy  in  tbo 

»dilll. 

From  the  usts.  (>•>>  narrow  ducu 
.  or  *KU  der«rcntiii  Imd  lu  two 
Mminsl  t«ticli:t. 

These  MiDinal  loiclc*  (tbe  "  rauih. 
fiiiiin.4hap0(lgl>nd")open  into 
Die  lop  of  the  cIsciilBiwy  ducL 

Thii  duel  openi  on  th«  io(b  ateRiuin. 
Bwd*  tbo  apnrtuie  ib«re  »et 
oepolaton  siniciurf*  (ecioa- 
PCVbywiJ.  With  the  ejaoublory 
MCI  •  SHatd  tl  MMCIMCIL 

The  omrict  arc  iKtJred  oiniu.  in 
the  poitcrior  abdotninalreipon, 
nub  coruluJng  ol  dght  onirinn 
(ubci,  Tbeu  an  bMcl-lik« 
string*  of  Of*  u  twiout  nage* 
of  riiMin«A- 

From  tbc  oinirian  lubn  □(  <ach  lidv. 
ri(bi  cggi  plui  m  a  time  Into 
a  shall  wide  oiidiict. 

The  two  ovidiicu  unite  »iiii  o[irn  in 
a  median  aprnure  bclHern  Ihc 
Stli  4nd  ctb  abdominal  Mcma. 
Bnlde  the  apmure  arr  haul 
nnwtutc*  (goaapopbvMs)  wlii  c  b 
bclp  in  l>e  en  "yiBK.    Hue 
also  a   paic   HI    ' '  cotletprial " 
glandi  pour  oui  ibdr  cementinj 
Mcrclion    bf    Iwo   apertunsL               M 
llie  tpermalheca  ii  a  pair«d          -^ 
Hc  wilh  a  dingle  aperture  on         ■   1 
the  oth  atKlorainal  tiemiini                ■  V 

398        PE/tlPATVS,  atYRiOPODS,  AND  INSECTS. 


Sixteen  on,  one  fiom  each  ovarian  tube,  are  usually 
enclosed  within  each  egg  capsule.  1'he  Intier  is  formed 
from  llie  accretion  of  the  colleterial  glnnth,  Each  esg  is 
enclosed  in  an  oval  shell,  on  which  there  arc  several  lilde 
holes  (micropylcs),  through  one  of  which  a  spcrmaloi^oon 
enters.  Spermatozoa,  from  the  store  within  the  spcrniatheca, 
arc  included  iii  the  egg  capsule.  The  development  is 
similar  to  that  of  other  insects,  and  it  has  already  been 
mentioned  that  there  is  no  metamorphosis. 

At  an  culy  eia^  in  dcvelopmcnr,  tome  cells  UAOcialeil  wilh  the 
meudctin  uc  Ml  npul  u  rcpicxluctlvc  cclU,  tinij  otieiiiBUy  thete  have 
0  Mgmenlal  luianEemcni  a>  In  Annelida  i  at  a  liter  tlage  ullici  mcio- 
d«nl<  cwllt  join  tlirtr,  iiCiinv  fncming  uvn,  olhcn  cpitbctinl  celli  aiound  ihc 
Utter.  The  ilinliiicliun  Iwlwci'ii  inily  icprivluciivc  nll>  unci  MsociMled 
epilhelml  cells,  which  i>  >urj  \a  be  late  of  appauing  in  tcoie  ol  Ihc 
higha  inwcl*.  is  ciublishctl  ■(  a  Tciy  c«ily  tUiec  In  the  cockroach. 


Second  Type  of  Insects.     The  BRiTisti  Hive  BC£ 
{Apii  m</lifiia.) 

Thi&  is  a  much  more  highly  specinlisc^l  type  than  the 
cockroach.     It  l»longs  to  the  order  Hymenoptera. 

The  Hive  Bee  (.j^fis  melli/ica)  is  a  n.itive  of  this  country, 
and  is  the  species  most  commonly  found  domesticated.  It 
is  the  only  British  rcpre§ctitativc  of  the  genus  Afit,  and 
exhibits,  in  its  most  fully  de\'cloped  form,  the  social  life 
which  is  foreshadowed  among  the  Humble  Bees.  As  a 
consetjuenci:  of  this  social  life,  there  is  much  division  of 
labour,  which  expresses  itself  alike  in  hahit  and  in  .itruclure. 
The  males  (drones)  take  no  giart  in  the  work  of  the  colony, 
and  have  solely  a  reiwoductivc  function  ;  the  females  arc 
dividc<l  into  two  group.i — the  queen  lices  and  the  workers. 
In  the  workers,  which  do,  in  fact,  perform  all  the  work  of 
the  hive,  the  vegetative  organs  attain  their  highest  degree 
of  development,  but  the  reproductive  organs  are  normally 
abortive  and  functionlcss.  In  the  quix^ns,  of  which  there  is 
but  one  adult  lo  each  hive,  the  enormous  development  of 
ihe  reproductive  organs  seems  lo  act  as  a  check  upon  the 
vegetative  organ.s,  which  are  of  less  advanced  type  than 
those  of  the  worken.  Tlie  workers  are  further  divisible  into 
nurses,  which  are  young  and  do  not  leave  the  hive,  being 
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occupied  wiih  the  care  of  the  Urva;,  and  the  foraging  b«es, 
whicb  arc  older  woiltcrs,  and  gather  the  food  to  supply  the 
whole  colony. 

In  cojitiideriiig  ih«  relation  between  the  life  of  the  Hive 
Bee  and  that  of  many  allied  forms  {Bomiut,  &c),  it  ts 
impottant  to  notice  Ihat  the  linhii  of  laying  up  stores  of 
food  material  for  thi.-  winter,  enables  the  colony,  and  not 
merely  an  individual,  to  survive,  and  must  thus  liavc  greatly 
assisted  in  the  evolution  of  sociality. 

The  body  shows  the  usual  division  into  head,  thorax, 
at)d  abdomen,  and  varies  considerably  in  the  three  dilTcient 
type*,  being  smallest  in  the  workers.  Ii  i$  entirely  co\'ercd 
with  hairs,  some  of  which  arc  sensitive,  while  others  are 
used  in  pollen  gathering,  Sec 

The  head  bears  antenna:,  which  arc  composed  of  a  long 
basal  and  numerous  smaller  joints.  They  arc  marvellously 
sensitive,  ser\'ing  to  communicate  impressions,  and  also  con- 
taining organs  of  special  sense.  A  )>air  of  compound  eyes, 
largest  in  the  drones,  and  three  median  ocelli  are  also 
present  in  the  head  region.  Of  the  true  appendages  of  the 
head,  the  mandibles  arc  in  the  workers  very  powerful  and 
used  for  many  purposes  connected  with  comb  building.  In 
the  first  niaxitla;,  the  maxillary  palps  arc  aborted,  but  internal 
lacinia,  external  galea,  and  basal  stipes  and  cardo  are  present 
as  usual.  'I'he  second  jwir  of  maxilla:  are  much  modified 
to  form  the  labium  or  so-called  lower  li|>.  The  united 
basal  joints  form  the  mcntuin  and  sub-mcntum.  From  the 
mcntum  at  cither  side  springs  the  long  labial  palp,  which 
represents  the  outer  fork  of  the  typical  appendage.  The 
inner  fork  is  divided  into  two  parts  at  eadi  side,  ot  these 
the  inner  (bcinise)  are  united  and  mudi  elongated,  the  two 
outer  or  paraglo»:e  are  free  and  closely  a])puscd  to  the 
lacinia;;  thewhok- structure  is  known  as  the  ligula.  When  the 
bee  is  engaged  in  sucking  honey  from  a  Bower,  the  maxillsE 
and  labial  palps  are  closely  apposed  to  the  liguU,  and  thus 
an  air-tight  tube  is  formed.  When  not  in  use,  the  whole 
structure  is  folded  back  upon  itself. 

In  the  <]ueen  and  in  the  drone  the  niouth  |iarts  are 
shorter,  and  are  not  used  in  honey  gathering. 

The  thoracic  appendages  consist  as  usual  of  three  pairs 
of  legs,  which  have  the  usual  ports.      On  the  lint  leg.  at 
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Ibe  junction  or  the  tibia  and  the  first  Untal  ^oint,  there  U  a 
con][>licaied  mcchatiisnt  which  is  emplo)-(;d  m  cleaning  die 
antennic ;  this  is  present  in  all  three  forms,  and  varies  witii 
the  ««;  of  the  antcnnte.  In  the  workers  the  third  leg  is 
rcniarkably  modiliecl  for  pollen  gatherinf;  purposes.  The 
first  tatui  joint  l>ears  rc||:uliir  rowx  of  sti^  Mrjighl  hairs  on 
which  the  i>oUen  grains  are  cotlecled  ;  thcjr  are  borne  to  the 
biw  in  tlie  jiolkn  IxL^kct,  plaix-d  tit  the  back  of  the  tilwa, 
and  furnishrd  with  numer- 
ous hairK.  In  qucen  and 
drone,  theisc  special  ar- 
rangements of  hairs  arc 
abscnL 

The  second  and  third 
thoracic  sesments  hear 
each  a  pair  of  wings. 
These  are  largest  in  the 
drones  and  relatively 
smallest  in  the  queen, 
who  flies  but  seldom.  At 
the  ba.te  of  each  wing 
there  is  a  respiratory 
spjrad& 

In  the  adult  ijiiecn  and 
worker,  the  abdomen  is 
divided  into  six  segments ; 
in  the  drone,  into  seven. 
There  are  no  abdomiiul 
appendages.  On  the  ven- 
tral surface  in  the  worker, 
but  not  in  the  queen  or 
drone,  there  are  four  |iair» 
of  wax  pockets  or  glands, 
which  secrete  the  wax 
which,  after  mastication 
with  ^iva,  is  employed  in 
building  ihe  comls.  The  abdomen  also  bears  in  queen  and 
worker  five  pairs  of  spiracles,  but  in  the  drone,  on  account  of 
the  additional  wT^moni,  ibore  arc  six  pjiirs.  The  loUl  niimljer 
of  spiracles  is  lhu«  fuurti.-en  for  queen  and  worker,  and  sixteen 
for  the  drone.     The  posterior  region  of  the  abdomen  bears 
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the  complicated  sting.  In  the  worker,  this  consists  of  a  hard 
Incomplete  sh«uih,  which  envelops  two  barbed  daits.  The 
poison  flows  down  a  channel  lying  between  the  dnrls  and 
the  shcalh.  Kamir>ing  through  the  abdomen  arc  found  the 
two  sicndcx  coiled  lubes  which  constitute  the  poison  gland. 
At  the  posterior  end  of  the  body  these  unite  .md  open  into 
a  brf[e  poison  sac.  When  a  bee  uses  its  sting,  the  chitinous 
sheath  first  pierces  the  skin,  and  then  the  wound  \&  deepened 
by  the  barbed  and  pointed  darts,  while  at  the  same  time 
poison  is  steadily  pumped  down  the  channel  mentioned 
above,  and  pours  out  by  minute  openings  at  the  bases  of 
the  darts.  TTic  poison  contains  formic  acid,  and  is  fatal  to 
the  bee  if  directly  introduced  into  its  blood.  Associated 
with  the  slin([  there  are  a  pair  of  delicate  tactile  palps.  In 
the  ijueen,  the  sting  i.^  auved  and  more  powerful,  nut  it  is 
apparently  only  used  in  combat  with  a  rival.  !n  the  worker, 
the  sting,  and  with  it  a  portion  of  the  gut,  is  usually  lost 
after  use,  and,  in  consequence,  death  ensues ;  the  queen,  on 
the  other  liand,  can  withdraw  her  sting  from  the  wound  with 
considenble  ease.  There  i.t  no  trace  of  sting  in  the  drone, 
ai  is  natural  when  we  consider  that  it  is  merely  a  modifica- 
tion of  an  ovipositor. 

Nervous  System, 

In  the  adult  this  exhibits  considerable  fusion  of  parts. 
The  supra-oe5ophageal  ganglia  arc  very  large,  and  send  large 
lateral  extensions  to  the  compound  eyes.  This  "brain" 
is  best  developed  in  the  active  workers.  The  sub^esopha- 
geal  mass  is  (ormed  by  the  fusion  of  three  pairs  of  ^nglia. 
In  the  thorax  there  are  two  \mn  of  ganglia,  of  which  the 
second  supplies  the  wings  and  the  two  last  pairit  of  legs. 
In  the  worker  there  are  live  pairs  of  abdominal  ganglia,  but 
in  the  queen  and  drone  only  four,  llie  sense  organs  are 
the  simple  and  compound  eyes,  and  the  antenna:,  which  are 
furnished  with  numerous  sensitive  structures. 


Aiimentary  System. 

The  (jcsophagtis  is  a  narrow  tube  which  nins  down  the 
thoracic  region.  In  the  abdominal  region  it  expands  into 
the  crop  or  honey  s.ic.    The  crop  opens  b)-  a  complicated 
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orific^  with  a  remarkable  stopper  amn^menl.  Into  tl 
digestive  region  oi  chyle  stomach,  which  is  serrated  t^  a 
pylorus  from  the  coiled  small  intestine.  The  inner  wall  of 
the  small  intestine  beats  numerous  rows  of  chitinous  teeth 
set  in  longitudinal  ridges,  and  is  perforated  b)'  the  apertures 
of  the  excretory  tubutes.  At  the  junction  of  the  small  with 
the  lar^e  intestine,  there  are  six  brownish  plates,  perhaps 
ftinciioninK  as  valves.  i 

In  conneclion  wilh  Ihc  anlenoi  icgicm  of  iHc  eat,  there  li  ■  vtry 
ooin|il!c*lcil  iierln  i>r  glandi.     Flril,  wc  hxvi'  In  the  u«fken  cnly,  on 
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ttt&T^  period,  and  alto  during  the  perlnd  of  tfs,  hying :  thb  MCtrtJoA 
wax  formerly  (rrmcil  "raynl  jelly."  In  addilion  \ft  ihu  pair  of  ({lands, 
thcte  UK  in  Iho  worker  Ihrce  other  gland  lyilemi.    Of  Ihse.  Ihc  leoond 

ind  third  pain  have  a  common 
ccnlial  outlet  on  <he  inenltidi.  and 
Kciele  (hi:  MkUva  which  ii  jjlcn- 
tifull)*  mixed  with  tlir  neciar  dur- 
ing auction.  Thu  fourth  pair  ii 
iRisII.  and  the  diirls  open  juit 
within  the  niandiblc.  The  lul 
three  pain  of  glMidi  Hie  found 
bIm  in  drone  and  (|Ucen. 

Tlic  method  or  fci;ding  in 
the  bee  differs  considerably 
in  the  three  iy|>e3.  In  the 
worker,  the  honey  Huclced  up 

r"^  I  V'      7\. --''-»  from  flowers  is  mixed  with 

'  1  ~"i  .  '  -'^^  saliva,  passes  down  the  gul- 
let into  the  aop,  ihcncc  by 
the  opening  of  the  "stomach 
mouth "  it  may  reach  the 
true  stomach  and  so  l>c  di- 
■"■*  ginted,  or  may  be  carried  in 
Ihu  crop  (o  the  hive  and 
there  cmpiied  into  (he  cells 
by  regurgitation-  1'he  pol- 
len, which  is  frequently  mixed 
with  the  honey,  is  separated 
fTom  the  latter  by  means  of 
the  s(om;ich  motilh,  and  is 
digested.  Bi;forc  impregna- 
tion, the  qiicen,  I  flee  the 
worker,  feeds  on  pollen  and 
honey;  al^er  it,  slie  is  always 
fed  by  the  attendant  workers. 
The  drones,  like  the  young 
workers,  svait  themselves  of  the  general  food  supply  of  the 
colony,  and  do  not  themselves  collect  honey. 

OHur  SyJlemt, 

The  respiratory  system  is  represented  by  the  ramifylns 
tracheal  tunes.  They  open  to  the  exterior  by  the  Utenu 
spiracles,  which  can  be  completely  closed.     In  connection 
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with  the  trachese  there  ire  large  ah-  sacs  which  aid  greatly  in 

flight. 

The  circulatory  system  is  in  cssentiah  the  same  as  that 
of  the  cockroach.  The  blood  contains  a  few  nucleated 
amccboid  coipuscles. 

The  excretory  sjratem  consists  of  numerous  fine  Mal- 
pighian  tubules  which  open  into  the  small  intestine. 

Repreduttitt  System. 

In  the  drone  the  rejiroductive  organs  consist  of  a  pair  of 
ttstcSi  cadi  furnished  with  a  narrow  vas  deferens,  expnnding 
at  its  distal  end  into  a  seminal  vxsiclc.  The  seminal  vesicles 
open  into  the  ejaculatory  duct,  and  at  their  junction  a  large 
paired  mucus  gland  opens.  When  maturity  is  reached  tlie 
testes  diminish  in  size,  while  the  spcnnatoxoa  accumubte  in 
the  terminal  expanded  part  of  the  ejaculatory  duct,  and  there 
Ijecome  aggre^ted  into  a  compact  $[>ennaiophore.  \\\\\\ 
the  termin.ll  portion  of  the  male  duct  copulatory  organs 
arc  associated. 

Mating  lakes  place  only  once  in  the  life  of  the  queen,  and 
is  followed  by  the  death  of  the  drone. 

In  llie  quDCs  Ihv  lu^  uvnrics  occupy  coniklCTatilc  -iyntct  in  llie  t\aio- 
tmn>l  repeal.  As  uiual,  each  coniiiti  of  numcraui  ltOo-150)  ovariMi 
liilid  coDUining  Dva  in  nrioui  iiajrcs  of  development.  1*he  ovKrian 
lutio  open  into  the  riglit  and  left  oviduclik  which  ncaln  unlic  10  fonn  ihe 
cotninftn  nvictucl.  Wlh  the  unicrioi  ponjon  of  the  comman  dact  the 
glotiuhr  i.)jcimftlhcca  It  KuoclittcJ.  In  fonncctJon  wiih  il  ihcfc  ii  ■ 
glxnd  CKitrij'oiKtiii);  to  (he  mucut  cUnd  at  the  insle*  The  oviduct 
termiiiatci  in  a.  cojiMtnlory  |<oiich. 

I'lcvioiii  10  layiiu;,  Iho  cgK»  »re  fcrtiiiKd  by  ■pemu  »el  ftec  from  the 
spcnnsthcca..  In  the  cum  ol  drone  tss*  thii  liberation  of  tpenntlotoa 
does  not  Inke  pWc.  anil  Ihe  egci  in  conic(|uence  >te  pnilhene>|>enclie. 
Qucent  which  have  never  mated,  01  which  have  enhaiuliid  their  nock  of 
male  elenienls,  hftbiliull]'  lay  drone  «fg\  dui  ihi»e  which  *ie  laying 
Mbunduil  (enilised  egp  al  litnes  alao  lay  nnfrrlUii^l  *m.  This  with' 
holdtng  of  tpefnulcooa  ii  Mid  (o  be  "  vi>lunt»rf,"  uiTielatcd  to  Ihe 
□Mds  of  the  colony,  but  the  jihysiological  rtaion  it  unkoown. 

The  wDikrra  pOBM»  rein.ile  orcuii  limilai  in  type  to  lba»e  o(  Ihe 
queen,  but  of  an  ciireinely  rudtmcDtU)-  nature. 

The  eggn  ate  laid  king))'  in  the  cells  of  the  comh,  al  ihe  rete  of  about 
two  pi:r  nilniile,  for  wcekt  lognher.  They  a[<^  of  Ihe  ukual  Intrel  Itpc. 
Acconlinc  10  iha  tiicof  Ihecell  in  which  il  <»  ilepmitcd,  and  the  food 
with  whia  il  il  luraitked,  lh«  fntilisod  ovum  dcvcloiw  inlo  a  worker 
at  into  a  queen.  The  devclapment  take*  place  within  Ihe  cell,  ud 
ioelodci  o  ccmiplelc  meUmorphon*. 
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GENERAL  NOTES   ON    INSECTS. 

The  main  i;haraclc'Ti:«lics  of  iniwcts  hnvc  alrr^ady  been 
described  in  the  two  t)'pcs  chosen,  but  wc  hcie  rev-isc  them 
in  general  terms. 

farm. 

The  liody  of  «n  adult  insect  may  be  divided  into  three 
distinct  regions : — 

I.  Thr  uniliviJcd  hnit,  whiuli  rciniixlt  of  ni  leant  (hicc  fu*c<l  M<g' 
mcnlt.  an  il  Ixati  llircf  piin  <rf  afipcnrlagci. 

I.  The  nieilian  ihoni.  divided  into  pro  ,  merm-,  anil  metii'lhor»de 
i^[mcnu,  carh  nilh  «  paii  of  Itgs,  ihc  laii  iwo  often  with 

WIIUO. 

3.  The  abdomen  with  about  eleven  rings,  iKuilljr  withoni  tncc  of 
UoiIm. 

But  thiti  is  only  ihe  crude  aiuutny  of  form.  One  must 
think  of  the  long  dragon  fly  with  oiiDqiread  wings,  and  of  the 
compact  cockchafer,  of  the  thin-waislcd  wrwps  and  long- 
bodied  buitctjtics,  of  hoiiK;  fly  and  cricket,  of  large  moths 
uid  beetle  and  the  almost  invisible  insect  parasites. 


Appendages. 

Inaects  "feel  their  way,"  test  food,  and  apparently  com- 
municate impressions  to  one  anutlier  l>y  means  of  3,  [lair  of 
Jointed  feelert  or  antennn^  situated  in  front  of  the  head. 
Unlike  the  organs  of  a  similar  name  in  Crustaceans,  the 
antenna;  arc  not  u&ually  ranked  among  the  appendages 
Btrictly  so-called.    They  seem  to  be  prc-oral  outgrowths. 

ll  wii  a  ««T>  of  joine  impori»ncc  in  cnorphologj  when  Sivigny 
ihowe<l  Ihal  ihe  three  pain  df  appcndngci  alxjul  the  moulh  were 
homolwoui  oitb  ihe  nihei  ippendkcM,  i^  were  muliotlory  legs. 

(1,1  huiilicti  (orwiid  lie  iwo  "HUtiAA/f/,  rlic  Ulinn  uid  cutting  jtwi, 
Thf*  »tc  ungle  jointti),  anil  thin  ilillltr  fiom  Ihc  otjpui*  of  the  Mmc 
namr  in  Ihc  crayfish,  u-hicli  \km  *  ihrc«Jointeit  palp  tn  itiMiilon  to  lh« 
hull  l«ial  pair.  In  \hine  inMCli  uliicb  tuck  and  do  nM  bilA  f^X-  mIuIi 
Uillerfliai,  ihc  in*n<iihl«  arc  redurtd. 

(I.I  Neat  in  oiilei  is  i\ieprii  fair  ^tudxilU.  Each  nouilU  coniiils 
of  a  baunl  piece  ({irotopodilc),  an  ionn  IMc  lenriopodite),  Mid  mi  outer 
fork  (ciopoditci,     I  u*c  thm  naniM  ftwa  CnMlMon  terminology. 


3o8        PBRIPATVS,  MYHIOl'ODS,  AND  IKSSCTS. 

after  Ibe  rumple  of  Monhalt  and  Hurst.  The  entomalogUls  divUle 
tliJe  (Motcpodilc  toio  tt  lower  joini  itic  larile,  anil  »n  upper  ihe  i//j»^r,  Ihc 
eodopodhc  into  an  inlcrnal  /aeinia.  nnd  ui  cxicnwl  ^/"t,  while  the 
cxnpodile  U  called  Ihc  maxilliUT'  palp. 

(3.)  The  InM  pair  of  nial  appcndaect  01  KttaJ  maiilii  ate  putUljr 
fated,  and  form  what  U  called  me  taiiiiim.  Tbe  lower  mu)  upper  JolntK 
ei  ibdr  AiMd  piolapodiui  arc  oJleil  iwlmtntMm  aix)  awn/wM  ;  tha 
•ndopoditei  on  each  udc  uc  double  u  in  (he  firM  nituiiUiiN  anil  eoniiu 
of  inlernal  laniua  and  external /Ar^Aiiia ;  Ibe  eiropodiles  are  oiled 
the  hiialf^fs. 

The  three  paira  uf  ihoracic  Icgn  consitt  of  many  joints, 
are  usually  cbwcd  and  hairy  at  their  tips,  and  varr  greatly 
according  to  their  uses.  'liiink,  for  instance,  of  the  hairy 
feel  l^aiid  of  which  the  fly  runs  up  the  smooth  window  pane 
of  ihc  Riuscubrlimhs  of  grasshoppers,  of  the  lank  length  of 
thooe  which  characterise  "  daddy-lonx-le^"  of  the  pollen 

FlO.  lOOb— Juiou  ol Cockroach'*  Lcf. 

C,  Ceu ;  r,  »«ciuai« :  f,  r«nur :  rv,  lit^ ;  '/*■.  Uhmh  mlib 
iwmlMl  tlam. 

baskeu  on  \yres,  of  iJie  oars  of  water  beetles.  In  identifying 
iiuecu  IVotn  a  book  it  in  needful  to  r<K»gnise  the  joints  m 
the  kgs  by  the  names  which  entomologists  have  transferred 
to  them  from  human  osteology,  vi^.,  the  superior  coxa  with 
projecting  trochanter,  the  stout  femur,  the  tibia,  «i>d  finally 
numerous  tarsal  joints. 

Wings  are  flattened  hollow  sacs,  which  grow  out  from  the 
two  posterior  segnwnis  of  the  ihonx.  They  are  moved  by 
tnutclcs,  and  traversed  by  "veins"  or  "  ncrvuret,"  which 
include  air-lut>CH,  rK-rvc*,  and  vessel-like  continuations  of 
tlio  body  cavity.  .Most  insecU  luve  two  pairs,  but  many 
■luggish  females  and  panuiics  like  Ike  and  fleas  la^-c  lost 
Ithem.    On  ilie  other  hand,  ilierc  is  no  reason  to  believe 
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that  the  very  simplest  wnngless  iiMects,  known  m  Collemboin 
and  Thj-ununi,  ever  had  wings. 

Theeo  arc  man)'  intctniing  ilxffcicnco  in  regard  In  wings  In  the 
various  onlpr  of  toiecu.  Thutin  l>ccll». ihe  ftonl  |.»»i(  fonn  wing  cover* 
ot  elyua,  in  Ihc  Utile  I>oc  )iiirahitn~-8ln:pui>tc>i — lliry  >rr  iviilcd 
ludimenu.  in  flko.  Uw  pMI«ricrf  jaiir  w«  tnutl  knubbcd  itolkK  (halMiM 
01  tttUncen),  in  bcu  the  wiiWB  on  «adh 
uilc  arc  hooked  together.  When  the 
intcei  i>  n<  ml,  ihe  uinp  uc  uiually 
io\Ac&  ncsulT  on  the  liack  1  but  dniffon 
Aie>  and  olhert  keep  Ihcm  uilMtdDd, 
butlerflles  hum  ihcm  like  .1  >in(;le  mU 
on  Ihc  )mek.  niuihk  keep  ihcm  lUi. 
Miny  Hflng*  Ijcsr  iinnll  kcnln  or  hair* 
■nd  arc  often  )iri);hlly  culriiiied.  I'lo- 
(coot  t^mi-t  mninujiii  thai  the  nirmii^' 
meat  of  the  nerrure?  and  ihe  coluiinng 
of  buflcrfl)f  wiop  are  ceriain  mirks  <J 
(he  pmifrss  anil  rclolionihiju  of  t>pecici. 
Il  ii  McU  known  that  ihc  cotoun  bImi 
vary  will)  «ti,  cliniMlc,  anU  >urtuiindinci. 
Mod  inlcmling  iiri'  Ihooe  ciues  in  which 
(he  cotoun  of  an  inwet  hannoni*«  «x- 
aclly  with  thoic  of  its  habitat,  or  moJie 
it  a  mimetic  copy  of  some  more  mcccu- 
fully  ptotceled  neighbour. 

Ai>  to  the  nrljpn  of  wlngL  ihit  al  IcMt 
iihmilil  he  lernemhcrcd.  ihm  in  tnany 
caM»  th<y  arc  of  tome  u«c  in  r«^r>lion 
■1  well  u  in  locomotion.  S«ruig  that 
[he  power  of  flight  is  evidently  an  accom- 
liliihmcnt  which  ihc  original  in»«t»  did 
not  pOHCu.  the  thvorjr  lecmi  plautiblc 
ihat  winip  were  nriKinnlly  rcipiratoiy 
oulxrowliuH  which  rrj-axA-\tj  i>ccRme 
Richit  (or  o«riaI  locomnllon.  Thi*  view 
it  oiniiilent  with  an  idea,  whicli  Knmt  in  favour  wtih  rvnlitllonim*. 
that  new  orcnu  develop  by  the  Tircdotninaiic*  of  «ame  new  functioa  in 
oreuii  whicli  hfld  lome  prior  u^nificaaoe.  Moreover,  we  can  hney 
that  ui  inciciue  in  respiintory  efficiency  brouRht  about  by  the  out- 
growlht  in  (tueiition  would  c|Uickcn  the  whole  life,  and  would  lend  to 
nite  (nkCCIK  into  ihe  air.  juit  BiS  terrcnrinl  intecu  can  be  nude  (a  frisk 
and  jiiinii  when  gilai^eit  in  x  iTuel  with  reliiiively  more  oxygen  than 
there  it  in  ihe  iiiinm|ilierc.  Kiii.ilty,  wc  iiiuti  note  Ihal  the  aquatic 
larvf  of  jonic  inKfls  /a'..  M-^y  Hid,  hare  a  irrie*  of  respiratory  oul- 
powttu  from  the  udei  0?  (h«  abdomen.  Ihe  BocalW  "tracheal  gill*." 
which  in  origin  and  appcanuce  arc  tike  young  uingi, 

Insects  excel  in  locomotion.     "  They  w;ilk,  run,  and  jump 
with  the  quadrupeds ;  they  fly  with  the  hirds ;  they  glide 
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with  the  serpents,  snd  ih<^  swim  with  the  fUh."  I'hcy  beat 
the  elastic  air  with  their  wings,  and  though  there  canoot  be 
so  much  complexity  of  movcuient  as  in  birds  where  the 
individual  feathers  move,  the  insect  wing  U  no  rigid  plate, 
and  its  up  and  down  motions  are  complex.  They  can  soar 
rapidly,  but  Ihoir  liKhtm^x  often  miikes  horixontal  steering 
dilTicult.  The  wind  often  helps  as  well  as  hinders  them  ; 
thus  the  inseclE  which  Hy  in  and  out  of  the  windows  of 
eiq>ress  trains  arc  probably  in  pan  sucked  along.  Marey 
calculates  the  approximate  number  of  wing  strokes  per 
second  at  330  for  the  fly,  j^o  for  the  humble  bee,  i9ofottlie 
hive  bee.  110  fur  the  wasp,  18  for  the  dragon  fly,  9  for  a 
bulterRy.  It  Ua^  been  found  that  for  short  dbtances  a  boe 
can  oiit-lly  a  pigeon. 

SJciH. 

As  in  otliL-T  Arthropods,  the  epidermis  (or  hypodcnnts) 
of  Insects  forms  a  limi  cuticle  of  chitin,  which  in  the 
exigencies  of  growth  lias  sometimes  to  be  moulted  This 
cuticle  i»  often  finely  marked,  so  that  the  animal  seems 
iridescent,  and  there  are  many  different  kinds  of  scafes, 
hatnf,  and  s|)ines.  Cliilin  i*  n<H  favourable  to  the  develop- 
ment of  skin  glands,  but  m<»t  insects  luve  "  salivar)-  glands," 
Oficning  in  or  near  the  mouth.  l>ccs  have  wax-making  glands 
opening  on  ihc  abdomen,  aphides  have  "  honey-dew"  tubc«, 
noi  a  few  have  jioison  bags^  and  many  larvae  besides  silk- 
worms have  organs  from  which  are  exuded  the  threads  of 
which  a  cocoon  is  made. 


Muscular  Syttem. 

In  «cry  active  animals  like  Insects,  we  of  course  lind  a 
highly  developed  set  of  rapidly  contracting  striped  muscles. 
Thne  work  the  wings,  the  loss,  at)d  lite  jaws.  The  result- 
ing movemcniN  have  this  further  significance  that  they  help 
in  the  respiratory  interchange  of  gases,  and  in  the  circula- 
tion (A  the  blood. 

JVrmwf  SytUm. 

It  i»  often  n.-ntaTki.-d  as  marvcllotu  that  ants  and  bees, 
will)  hrairu  smalli-r  (ban  pin  Itead.t.  should  lie  so  clever. 
IIm:  more  wc  knuw  about  an  ant,  "  (he  more  tlie  wonder 
grows,  10  small  a  head  sliould  carry  all  it  knows,"  or  seeroi 
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to  know.  But  these  sintcmcnts  imply  forgetfulnesx  of  Hie 
ri'lfttivc  Bi«  of  brain  to  body,  and  tend  nior«rt-w  to  cxaggcr- 
aic  the  importance  of  meresi«;.  Thcconiplcxily  of  a  brain 
is  ilic  impoiiaiit  fact,  not  its  ^xe,  and  there  is  no  doubt  that 
the  cltA-crcr  insects  (ants,  bees,  and  waips),  liavc  more  com> 
plex  brainx  than  the-  othen;.  As  in  other  Arthropods,  the 
nOvouK  syslfin  ■.-onsi^ts  {a)  of  »  donal  brain  or  supra- 
oeso[^g«nl  ganglionic  mass,  and  (d)  of  a  double  ventral 
nerve  cord  with  a  number  of  paired  ganglia  of  which  the 
mott  anterior  (the  sub-ccsophagcal)  aie  linked  to  the  brain 
by  a  ring  commissure  around  the  gullet,  and  (.-)  of  nerves 
given  off  from  the  various  ganglia  to  the  sense  organs,  the 
alimentary  canal,  and  the  other  organs.  In  many  of  the 
higlier  inseciK  the  ganglia  of  the  ventral  nerve  cord  are  in 
.tome  degree  concentrated,  and  the  adults  arc  usually  more 
centralised  than  the  larvic 

Sensory  StrviturfS. 

.\nimnl.s  »>  mutrh  alive  as  In.iccls,  and  in  surroundings  so 
stimulating  as  many  of  them  enjoy,  have  naturally  highly 
developed  sense  orgajis. 

Two  compound  eyes  are  present  on  the  head  of  all  adults 
c.TCcpt  ihc  primitive  CoUcmbola,  the  degi-neratc  lice,  the 
likewise  parasitic  fieas,  and  blind  insects  which  live  in  caves 
or  other  dark  places.  Each  eye  contains  a  large  number  of 
similar  elements,  in  each  of  which  we  can  distinguish  (i)  a 
cuiicular  or  corneal  facet;  (2)  3  Kla.t.%y  len^like  portion;  (3)  a 
retinal  jwrcion  in  association  witii  which  are  fibres  from  the 
optic  nen-e,  and  (here  are  also  pigmented  cells  lietween  the 
ctements  (d*.  p^  359), 

Simple  eyes  or  ocelli  arc  present  in  addition  to  the  com- 
pound eyes  in  the  adults  of  many  insects,  e.g.,  ants,  bees, 
and  wasps  ;  they  occur  without  the  accompaniment  of  com- 
pound eyes  in  Collembola,  lice,  and  fieas,  and  ihey  are 
Usually  the  only  eyes  pos.<iessed  by  brvse.  Tliey  have  only 
one  lens  (monomeniicous),  whereas  the  compound  forms 
have  many  lenws  (ix>lymeni»cous).  Th&r  structure  varies 
j;rcatly,  and  their  use  is  vay  uncertain. 

.\iiiliioiy  loi  clio(<l«tonal)  OTsuu  have  licen  founil  in  all  onleri  uf 
In'^«i*{c>,crpl»rtt  IhoTliyMiioptwa),  and  occur  liutli  in  ihe  liifv{i;iiiicl 
in  ttic  ailulth    Tncir  i-Mmtiiil  ilruclure  a  ai  Mlowv : — A  nerve  cnrk  in 
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ttenUtm  KoaRlian  neif  (heikin,  lonicottfacccllxif  ihucnagtiuaBtaw 
001  into  long  (cniUii'c  rodi  enclosed  in*linrihc*lh,  IhcnxkireditecUy 
otindirccltycoiincctcilwiih  the  epldciinUibovc  than.  *'Theyue (buDa 
in  {roup*  oi  i^ioo  in  roriuiu  pirti  of  (he  body,  ontenni*,  P^lp*!  '*!£'■ 
wing*-  ■■■  the  halircn  of  Diplera,aiMl  uponllicdanalUipMi  ofthcabilo- 
men."  Quite  diffntnl  from  ihncanil  oecvrrisf;in  fltn  aUm^  on  (be 
hind  cod  of  the  larva,  oi  at  the  buc  of  the  adult't  (e«lcn,  an  ItitU  iMga 
with  fluid  in  which  cloai  globule*  float.  We  do  not  koow  how  much  or 
how  Suit  Iniecti  hrv,  ml  the  "  coog  "  of  mak  OokIu  utd  okkct* 
doei  not  fall  on  ilcaJ  au%. 

In  addition  lo  th«  "eye*"  anil  "on"  there  arc  innervated  haln 
lloclllc,  tatting,  ol&claty)  en  the  anicniur  anil  ntouih  paita  of  many 
fnnccta.  Not  a  few  hava  li«cn  tbuwii  to  ixMana  a  diSute  oi  dctmaioplic 
MDto,  by  which,  foe  ioBtoncv,  they  can.  when  bUnded.  find  thcii  way 
out  of  a  dark  Iioi. 

Jlany  Insccti  ptixluce  wusdii  wbidi  often  cxpten  a  nuiety  of  emo- 
tions. We  huu  the  vhirT  of  rapidly  morine  witiet  in  flict,  the  Inui  of 
Icaf'Iike  iitruclures  neat  Iheopeninnof  theair-laboinniany  H]rincnop- 
tcra,  the  vraplng  of  legi  ag^JiM  wfng  riba  In  i^iaMhoppcn,  ihe  chirping 
of  male  crickcit  which  rub  one  wingi^inst  itt  noicblMMr,  thciHpiiwM 
iBlJ* Ckadaa  which hniv  a cumplei muural  tn«lnim«nt,  the  voice ollhe 
dMlhS-hcad  moth  which  expels  air  forcibly  from  itt  mouth.  Tlic  dealb 
mtch  tap<  with  hit  head  on  wooden  objecti.  u  if  knocking  at  tbe  door 
behind  which  hi>  male  may  he  hidden.  In  dame  ra»w  the  soundt  *tti 
limply  automatic  refloet  of  activity ;  in  mu)y  cmm  Ibey  Mtve  as  allui- 
Inflove  calU,  and  they  may  alio  >crvo  at  eaprsMioat  ti  tei  and  anger, 
or  aa  warning  alarms. 

Atimentary  SyUem. 

The  diet  of  Insects  ii  very  varied.  Sonie,  such  ax  locusts, 
are  vegeurian,  and  destroy  ouc  croi)>  ;  others  are  carnivor- 
ous (wi:  nixA  not  specify^  the  hotna:o|uthist's  leech)  and 
suck  the  blood  of  living  victims,  ur  devour  the  dead ;  the 
bees  Sit  in  search  of  nectar  from  flower  to  flower,  while  the 
ant  lion  lurks  in  his  pit  of  sand  for  any  unwar)-  slumbtcr ;  the 
tamites  gnaw  decaying  wood ;  sonic  anti^  keep  aphides  as 
cows  ("  vaccae  formicarum,"  Lintixus  called  them),  whose 
sweet  juices  they  lick ;  and  a  i^rcat  number  of  larv»  devour 
tbe  flesh  and  vegcublcs  in  which  they  are  born. 

It  is  important  to  have  some  vivid  idea  of  the  diverttty  of 
diet,  for  the  many  modifications  of  mouth  origans,  in  beetle 
and  bee,  in  catcrpillST  and  butterfly,  as  well  as  diflcrcnccs  in 
the  alimentary  canal  itself,  arc  associated  with  the  way  tn 
which  the  insect  feeds^ 

Fo)  purpotn  of  claMlMcailMi,  ihc  foUowing  di«inetion*  in  regard  to 
the  ninilh  orKant  are  v«ry  tiiofiil : — 
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(«}  TV  nuuih  (laiis  mar  he  uiniki  in  4II  lUfict  uT  IHe.  and  mlapled 
(or  biiing.     In  ihU  case  (he  rerm  Mskoonatiia  iU.,  |>cr- 
mwicnily  JAH'Ttt)  Ik  applUii : — 
t^..  In  RUwigv  itngMi  fliMi  llie  cocknurh  order  (Otlho^ 
ten),  ihe  baeile  order  (Colcopicra). 
(4)  The  moulh  paiii  may  be  Nndlw  in  nil  stages  of  life,  sad  adapted 
fui  tucking.     In  tm«  cue  the  tenn  MxNOKitTttciiA  (u..  pci- 
mancnily  willi  a  sucking  pmbotcb.)  it  app1i<<d  :— 
If..  10  bapiof  all  Konii  <Rhynclvitxor  (Irmlnirni). 
(1)  The  mouth  torik  mny  \it  adapKit  iot  tilling;  in  Ihc  larva,  tot  tuch- 
tne  in  Ine  x4ult.     In  (h»  cue  ibcleim  UBTAavATHA  (1^., 
irilh  chafed  jam)  it  »iplinl : — 
t^.,  lo  biilKcOin  and  in<Mht. 

The  alinientar)'  cnnal  coniuxti  oi  Tore  gut,  mid  gut,  and 
hind  gut,  of  which  ihu  mid  gut  is  cndodcnnic  and  the  result 
of  the  original  gaslrula  (;avity  (archcntcron),  whereas  the 
other  two  regions  are  fore  and  hind  invaginations  of  (he 
ectoderm,  and  thrrerorc  lined  by  a  chitinous  cuticle. 

The  fore  gut  conducts  food,  and  includes  mouth  c*vity, 
phar}-nx,  and  oesophagus,  the  latter  being  often  swollen  into 
a  storing  crop,  or  continued  into  n  muscular  giuard  with 
grinding  plates  of  chitin. 

The  mid  gut  is  digestive  and  absorptive,  often  bearing  a 
number  of  glandular  outgrowths  or  caeca,  and  ^■arics  in 
length  (in  beetles  at  least)  in  inverse  proportion  to  the 
nutritive  and  digestible  quality  of  the  food. 

The  hind  gut  is  said  to  be  partly  abxorplive,  but  is 
chiefly  a  conduaing  intestine,  often  coiled  and  lerminally 
expanded  into  a  rectum  with  which  gtarKis  are  fietiuenily 
associated. 

In  BModalinn  wiih  ilie  alimenlaTy  canal  aio  twtmt  gbndi : — 
(a)  The  talivuy  gUnila,  which  optD  in  or  nw  (he  mcMlh.  They 
ate  uiudly  paired  on  each  tide,  and  piuvidnl  wiih  a  nvintm. 
They  luisc  m  inn^nation)  of  the  ecloderm  near  the  moulh. 
Their  tctrcilon  is  ntalnly  diuUlic  in  function.  >^.,  it  change* 
llMchy  ninlciiai  Into  'ugar  liy  mcanc  of  1  Tcnnent.  AlMig 
with  inetc  maybe  r«nl(ci)  the  "»i*inninj{  etandt"  of  ouct- 
pilhn,  Sk.,  wliich  also  open  al  the  mi-niili.  They  tccrcte 
roalcrial  which  hanlen^  into  the  ihrcmlt  iitod  for  the  eoc«on> 
{i)  Fmn  Ihe  beginniDg  of  the  mid  tpil,  blind  oulgrowtlu  tomcllmn 
uiic  (in  aome  Otthopiein,  &c.).  which  an  apparonliy  il>c«»- 
live  They  ate  uHneiimet  called  jiylotic  cxca.  In  otur 
CMet(Mine  l>ccllci)  ihctc  may  licmoic  numetouiand  tmaller 
glandiilw  outgrowth)  en  the  external  wdJI  of  the  mid  gut. 
(/y  From  [he  hind  gul  arite  numcrout  fine  Mal^ighinn  tuba,  which 
are  certunly  cierciMy  in  function. 


314        PBSirATUS.  MYKIOPODS,  AND  INSECTS. 

Htsfiiratvry  System. 

The  body  of  an  insect  is  traversed  by  it  system  of  air 
tubes  (tntchta:),  which  open  laterally  by  special  apertures 
(stigmata),  and  by  means  of  numerous  branches  conduct 
the  air  to  all  the  recesses  of  the  tissues.  In  animals  which 
breathe  by  gills  or  lungs  the  blood  is  carried  lo  the  air ;  in 
insects  the  air  pemieates  the  whole  body.  But  how  does 
the  air  iiaxs  in  and  out  P  In  part,  no  doubt,  tliere  is  a  slow 
difl'usion  ;  in  part,  the  movements  of  the  wings  and  legs  will 
helpi  but  there  arc  .ilso  special  expiratory  muscles.  We 
see  their  action  when  we  watch  a  drone  Ry  panting  on  a 
flower.  Inspiration  is  passive,  as  in  birds,  and  depends  on 
the  elasticity  of  the  skin  and  of  the  trachea!  walls;  expiration 
is  active,  and  depends  on  special  muscles.  These  are 
chiefly  situated  in  ibe  abdomen,  but  in  some  beetles  (at 
Icasi)  they  are  also  present  in  the  metathorax. 

The  tracheae  seem  to  arise  as  tubular  ingrowths  of  skin, 
and,  primiti^-vly,  each  segment  probably  contained  a  distinct 
Iiair.  But  their  number  has  been  reduced,  and  many  are 
often  connected  inlo  a  system.  With  the  doubtful  excep- 
tion of  one  of  the  primitive  Collcmbola,  and  the  cenam 
exception  of  caterpillars,  no  insects  have  any  tracheal 
openings  in  the  head  region.  There  are  rarely  more  llian 
two  pairs  in  the  thorax,  there  arc  often  six  to  eight  pairs  in 
the  abdomen,  the  maximum  total  is  ten  (lairs.  Each  trachea 
is  kept  tense  throughout  the  greater  j»rl  of  its  course  by 
internal  clutinous  thickenings,  which  apfKirently  have  a 
spiral  course.  The  branches  of  the  trachcK  penetrate 
into  all  the  organs  of  the  body,  carrying  oxygen  to  ctctj 
part.  The  very  eflicieni  respiration  of  insects  must  be 
kept  in  mind  in  an  appreciation  of  the  general  activity  of 
their  life. 

At  the  conditions  of  larval  Ufc  art  oflen  diflcrcnt  from  Ihmc  of  Uw 
ulult  Intrcit,  the  niodK  of  tMpiiaiion  may  nUo  differ  indelaili. 

In  i[ii«cl>  without  loukeil  inctamoiiihraii,  and  even  in  lome  bcclla 
ill  which  ihc  mclamcTiihomt  n  complete  the  younD  Insect  and  the  adult 
lulh  lirvjitlie  In-  tiaCHcx  with  open  (ligtnata.  Both  ate  «id  lo  be 
"  liolc"pneuj.iii;. 

When  the  Inrvie  Xrn  in  water,  the  tracheal  tv''"™  '*  clotcd,  othci- 
wise  the  crcaiiun  «ou)il  itrawii.  I'hii  cIomm)  roiiililion  it  termed 
"apneuMlc"    The^e  larvtE(of  ilnigon  fliok  Majr  Bi««,  anil  some  other*) 
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brcatbebv>'lnch(a]j^Us"— little  ving-likc  outnowlhi  from  Ihe  rides 
of  the  sbdonen,  rich  in  tracbeie— or  by  iracheol  foldi  wiihin  the  recluin, 
in  and  out  tA  which  mtlet  Horn.  In  either  cue,  nn  inicrchiuijce  of  ruc* 
betwoen  the  Iraehoc  and  (he  nier  tnka  place  In  idutt  aerial  life, 
the  tmclicK  of  the  body  iie<|alrc  Mlgmala,  and  the  inKCi  beoome* 
"holopnciutlc" 

In  mnu  inaeds  with  complete  metiamiphMii,  th«  Inrvi  {t^,,  cAlcr- 
pillmr  or  gniti)  hu  cloned  Miemuta  on  Ihe  lut  two  te|[menli  uf  llie 
lliurax  (IhoM  which  will  beu  winn),  but  there  it  a  pair  ofoppn  tligmata 
on  ihe  proihonu.     In  the  jJull  the  revcRe  i<  true. 

There  me  some  other  inodiAcationi.  for  irulincc  uhal  obiiiini  in  Ihe 
patuitic  lainc  of  wine  flict.  t^„  gail  diet.  In  the*c  the  Mi|;mala  uc 
open  only  at  Ihe  end  of  the  bodf.  In  *ll  catct.  however,  the  in>|{iiiala 
of  th«  adult  lie  :ilini<<)*  prctcnt  *3  mdimenl*  in  the  kn->.  though  ihey 
nut]r  not  open  lilt  a<:)ulcKcnce  ii  over. 

Cimtlatpry  Sytfem. 

As  tlte  respiratory  system  is  very  efficient,  establishing 
the  possibility  of  gaseous  interchange  between  the  inmost 
recesses  of  the  body  an<t  the  c-xlcrnal  medium,  it  is  natural 
that  ihc  blood  vascular  system  should  not  be  highly 
developed.  \Viihin  a  dorsal  pan  of  the  body  cavity,  knovm 
as  the  |>ericanliuin,  the  heart  lies,  swayed  by  special  muscles. 
It  is  a  loii);  tube,  usually  confined  to  the  abdomen,  usually 
of  eight  chamtiers,  with  paired  valvuhr  openings  on  its 
sides,  through  which  blood  enters  from  ihc  jicricardium. 
The  blood  is  driven  forwards,  the  posterior  end  of  the 
heart  being  closed,  and  there  is  usually  an  .interior  aorta  or 
main  btood  vessel.  Dut,  for  the  most  part,  the  blood  cir- 
cuUccs  in  spaces  within  what  is  commonly  called  the  body 
cavity.  Sudi  a  circulation  is  often  described  as  lacunar. 
The  blood  may  be  colourless,  yellow,  red,  or  even  greenish, 
and,  in  some  cases,  hxmo(;lobin,  the  characteristic  blood 
pigment  of  Vertebrates,  hat  been  detected.  The  cells  of 
the  blood  arc  amieboiiL 


Body  Citvity. 

One  in  Apt  to  u>ie  \\>n  kim  in  two  wrua — for  (he  prlinllivc  liudy 
cavity  in  Mtloine,  and  for  ihc  appara-ol  NxIt  cavity  of  the  xluli.  In 
di«ciuun^  Ihe  development  of  nrifalmi,  iiedgwiek  notes  Ihc  following 
ehancleristics  of  a  Ijije  etelome: — It  !»  a  eavity  which  (i|  do«  not 
ccdununJaMe  with  ihe  vascular  nileta  t  (3)  doea  communicate  by  neph> 
fidtal  potci  with  the  ex  tcvioi :  1 1)  hu  the  refoaductive  element*  developed 
on  ila  lining ;  (4)  dcvelopi  citncr  u  one  oi  more  diveiticula  from  Ihe 
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primitive  entnoa  (or  pii),  oi  u  a  (pace  m  q«oa  la  ihe  i 
or  Mginented  nxMHenn.     Now,  in  Althropodi  the  appMnM  : 


FlO.  ica.— Pi^pMMMlIc  aom  tectinn  uf  aa  Invert*- 
brate.  witli  m  primuy  body  dviij  (A-]  wlucli  u  ihadtd. 
(AfterZiEOLsa.! 

«r.,  EdDdcnn:  M,  Uidda  oT  Mphridium  (m  b  CnnMef);  mi., 

of  Itie  tdult  ii  not  a  true  codumc,  il  <o[Mi*Ii  uf  a  id  o(  srcondorilf 
ficcivcti  Tuculiu  »picci :  it  hu  been  called  a  pseudoowk  or  a  h.-emocccle. 


V\a,  io>— Diai^ninmiailc  ctow  ftcciino  of  an  lnvert«- 
tmtr.wllhBtocondaryknd  a  primary  IxMlyaivitjr.  (Aftgr 
ZlKOLKH.) 

<r.>  IbMdtrB  i  I J<.,  Mandiiy  Ia4|f  uiiiT  <•>  in  LwMllibnatbdi 
f;  paitj..  laliHrT  Wy  ovlir  (ihiiM);  u.,  ucrtioy  aftnan  af 
MidntdlaalfB.,  |aiii*>«V**:  ra-.  vvamJ  xmcaatHa. 

Tlw  iiua  cndnnx  of  Atibropoih  b  very  nwKh  mirlcieH  Is  (he  mIuIi,  all 
Uw  Mete  10  that  nmbi  Anhiopixb  i.ij.,  IciKeti)  have  no  ilnlintt 
atfWdk. 


EXCKE7VHY  AND  REPgODUCriVE  SYSTEMS. 

But  llio  kppaicnt  body  carilv  in  which  thf  organs  li«,  and  in  which 
the  blood  drculalci.  is  well  ilevclupcd  in  lni«cii. 


ll  incluilci,  ittltr  alia. 


a  PKutitt  (all)'  liuuc  which  tccmi  lo  lie  a  iloie  of  icwivc  nuleikl, 
which  is  opcaall}'  lAige  in  foune  ii»ccl'  bcfuic  iiieuinorphmU,  and  ii 
iJh>  inteiOiUnK  at  one  of  the  leati  nf  *'  phiuphoietcence  "  In  tboMiiuwcu 

which  (flow. 

Ex<rttary  Syttem. 

AlthouKh  no  structures  certsinly  homologous  with  ncph- 
ridia  have  yet  been  demonstrated  in  Insects,  the  excretory 
systctn  is  well  dtr^'cloped.  Kfom  Ihc  hind  gut  (proctodicum), 
and  ibcrcrorc  or  cctodcrmic  origin,  arise  fine  tubes,  or  in 
some  cases  sohd  threads,  which  c«cnd  into  the  apparent 
body  cavity.  Their  number  varies  from  two  (in  some 
I^epidoptera  for  instance)  lo  one  hundred  and  lirty  (in  the 
bee).  They  twine  about  the  orsi*"?  '"  'he  abdominal  cavity, 
and  their  excretory  sign ifiea net:  ix  infurrod  from  the  fact  that 
they  contain  uric  acid- 

Refraducth't  Systrm, 

Among  Inaecis  the  sexes  are  alwa}!t  sejuirate  and  oflen 
Aflferenlin  appearance.  The  malct  arc  more  active,  smaller, 
and  more  brightly  cotoiirt-d  than  th<:  females.  Darwin 
referred  the  greater  decurativvncss  of  the  males  to  the 
sexual  selection  exercised  by  the  female^  The  handsomer 
variations  succeeded  in  courtship  better  than  their  rivals. 
Wallace  referred  the  greater  pl.iinncss  of  females  lo  the 
elimination  of  the  disadvantagcously  conspicuous  in  the 
course  of  natural  selection.  I'hcre  may  be  truth  in  both 
views,  but  both  reijuire  to  be  supplemented  by  the  con- 
sideration, in  part  accci>ted  by  Wallace,  that  the  "  secondary 
sexual  characters"  of  both  sexes  are  the  natural  and  necessary 
expressions  of  their  respectively  dominant  constitutions. 
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ReffntdiaHve  Organs. 


U*L 


TtMMM. 


The  inlKd  unci  luually  coiubt  of 
rattny  uiull  tube*. 

Two  duct*  [nua  <lcl«rcntiaj.  con< 
ductliif  iptrmMoio*  (peihapi  in 
pan  companble  to  nrnhtiilin). 

AAUnpaJrcd  lemiiiiiilnndcjiiculBloiy 
duct,  |utiroE  nriil  WLlh  lfli>  AfwT' 
lunainEphtmrrklionl)':  vimr- 
tlma  roimed  by  a  union  oi  ihe 
vau  drfcnniM.  KmaUmca  liy  in 
cKitfiul  invapnaiJon  mtvtins 
lIiR  •nan.  derenmlia. 

('roni  Ihc  iwA  clefmntia  or  from  the 
ejuotaiory  duel,  a  poind  oir  lu- 
plJrail  temlnal  TDiielu  for  itorinc 
spemuklonoa. 

Vailoiu  ooTuory  ginndi.  wbrae 
Kcrclion  tomninics  iinim  Ibe 
fpennuiMoa    ioio    pickcU   or 

Sonuninc*  a  copuUtoiy  penis. 

Often  (xinnal  ban)  pivcci:. 


The  paired  ovaiia  nsuallycmttiit  tA 
Rmny  i>niall  (iibcs  (ov>no1c*). 

Twoducttloviducit).  conducliBiclhc 
ofi  [  pntiiips  tn  pan  oompaniblc 
to  nf  pliridmt. 

An  unpoiml  wrmioal  n(ion  oc 
mgina,  paired  and  wTlh  two 
apf  rtumio  E!p]icmcrid«:  uually 
locinvd  tram  in  nunul  inva^ 
irulion  nurclinf  ibi;  uri^lcd  fnd$ 
of  Ihc  oviducla, 

N«kr  ur  froni  Uif  nvina,  a  ro- 
ccpUculuin  Kininit  (or  Morwg 
tpnnnauaoa  ncdved  hom  a 
nuile  dunnc  coputaiion. 

Vni^ooi  aocvuoiy  glands,  rj, ,  tboae 
nhicli  Mvrrlr  llii^  nuilcriil  miT' 
toundrni;  thcFEKi. 

Somrlrmci  a  ipccriLl  bum  copnlairix 

in  Ihe  vwina. 
Often  ptlpnuJ  bard  pivcn.  i.g.,os\- 
posllor. 


!v)m(  PtaiNariliei  wi  RtpradiuHtin. 

Many  IiVHCls  tucli  lU  aphidn,  tilk  mulh,  and  ijiiei'ii  Ixc.  atr  caocetl- 
itffily  prolific.  Th«  i^iicen  lermilc  lays  Ihaunnds  uf  cggt  "kl  Iho  rale 
ufabout  tixty  Ht  niinute"! 

The  iXatt  of  ipermalodu  rtccivcd  \ts  the  (cmale,  and  kept  vilbin  the 
Mccpiacutuiii  icminii,  ofien  luu  for  i  long  lime, — for  i«™  or  ihrec  year* 
In  *omc  ijuvcn  bcci.  Sic  John  Lubbock  glvct  ihc  icmarknble  liulance 
of  an  a([od  queen  anl,  which  laiil  fcitlte  ^gt  thirteen  yean  after  the  1b*1 
union  with  a  nial& 

Paithenoeencsli,  or  Ibe  devclopnienl  of  ova  which  arc  unfntUiwil, 
occun  normally,  foi  a  tariablu  number  of  geneialiuiu,  in  two  Lofadop- 
leia  and  one  Ixelle,  in  tome  coccut  iniecii  and  aphidn,  aad  in  certain 
taw  lli«s  and  gaU  maqn.  Il  occun  caiually  in  the  lilk  molh  and  Kveral 
other  Lcpidoptcia,  Moaonally  in  aohide*.  in  lorral  life  in  lomc  midge* 
\Miail«r,  CAiromomm),  and  pattially  or  "  ivlunlarily  "  when  the  ijnecn 
bee  Ian  tim  whidi  bccoine  dinnet.  Paithcnacencllc  ova  (in  wain 
neai,  KolJlen.  SiC).  are  bdicved  to  form  only  one  polar  bixjy:  (he  CB 
whidi  btcomtK  a  drone  formi  iwo  at  inual,  but  the  c>«e  of  the  bee  U  Ml 
Mivetal  (rspccu  ciccptional. 

A  few  intcctft  hatch  ihefr  young  within  the  body,  or  arc  "  liviraioui." 
This  n  Ihc  caK  with  |«flheiiogcnclic  tununcr  iphiile*,  a  few  met,  the 
little  bc«  pamutci  Slrepiiplera,  and  a  few  beetle*. 


DSlSi.OP.UHNT  OF  THE  OVUM.  319 

Dttxlopment  af  the  Ovum. 

The  lubes  which  coin]>(>«;  the  ovaries  and  lead  into  the 
oviducts  l^gin  as  ihin  filamentK,  the  end*  of  which  are 
usually  connected  on  csch  side.  Those  thin  riLnmenu 
eonsJEt  of  indifferent  germinal  cell^,  sll  of  them  potential 
ova,  and  of  ntcsodcnnic  epiihclini  cells,  which  form  the 
ovarian  tube*.  &c.,  wid  arc  connected  anlcriorljr  to  the 
pericardial  wall. 

But  in  most  cases  only  a  minority  of  ihcsc  cells  bccoms. 
ova,  the  others  lieconie  nutritive  cells,  which  arc  absorbed  by- 
the  ova,  and  follicle  cdli  which  line  the  walls  of  the  ovarian 
luljc*  and  help  to  fumi.ili  the  egg  shells. 

Then;  may  Iw:,  indeed,  orarian  tiihd  without  nutritive 
cells  {t.s-i  in  Orthoptera),  and  then  each  tul»c  i.s  simi>ly  a 
boad-Iike  row  of  ova.  which  become  larger  and  la^et  ns 
they  recede  from  the  thin  terminal  Rlaments  and  approach ' 
the  oviducts.  In  other  cases,  the  bead-like  row  consists] 
of  ova  altematiii^;  with  clumps  of  nutritive  cells  if^.,  in 
Hymenoptera  and  l.e])idof>ter3).  In  other  eases,  the  nutri- 
tive cells  mostly  remain  in  the  terminal  region,  hut  their 
products  pass  down  to  the  receding  ova. 

As  therv  arc  numerous  ovarian  lubes  in  each  wanr, 
and  as  the  same  process  of  oogenesis  is  gmi^  on  in  each, 
numerous  eggs  arc  ready  for  liberation  at  the  stime  time, 
and  are  simultaneously  discharged  into  the  oviduct  of  each 

:  eggs  are  lar»e  and  contain  much  )'ollc    In  relatively 
few  cases  yxilk  is  almost  absent,  as  for  example,  in  the  sum- 
mer eggs  of  the  Aphides,  which  are  haidied  within  the  liody, 
and  in  some  forms  where  the  young  are  cndoparasitic.    The 
ovum  b  surrounded  by  n  vitelline  mcmhrane,  and  also  by 
a  firm  chitinous  shell,  secreted  by  the  follicular  cells,  which 
is  often  sculptured  in  a  characteristic  manner.     'I'his  shell, 
is  pierced    by  one  or  more  minute  holes  (micropyles).! 
Through  a   micropyie   the  spermatozoon    finds  entrance^! 
soineltmcs  (as  in  the  cockroach)  after  moving  round  and] 
round  the  shell  in  varying  orbits. 

liratl^mtml. 
The  ripe  cce  u<ua.lly  cunmils  of  a  ci-nlnl  yollcCMtitobK  nlifc  Hr- 
(Mttulel  1^  ft  thin  ihcath  of  proloplasm.    Aiutuoil  for  Aithiopodt, 
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dM  KfBiKiiiaiiaa  i*  periptw*!  oc  ouMioleciibaL  The  «cMi>l  wwieBi 
iMvijw  Bp  MM  mtchI  nitdd,  «1iicli>  bda(  anilcd  bjp  [Hinmihwili 
eoid>,faa>fcr«dDwa«cBlnlq«eFiUHk  Later,  Ikae  meld  on^nl* 
into  Ibe  peripbenl  pracopkim,  wlikb  Mfinena  areaml  theoi.  iJuM  a 
pcriph(nlbT«i>((ia>a>c<t^h*l«lcalb>i  fanned.  Soofe  of  the  niKid 
may  be  tdl  bthind  in  iIm  eeoinl  nOt  u  fan*  tbi  jraft  nweldL  or,  wW 
'liM«eMSbon,r 


i(  {Mvfaabljr  Ae  nme  pinilii 


,  Una  «n  fanwl  bf  mbecqitcm 


hMMlpitiow  ftwm  the  bhitmlwin. 

Tbenai  praoaabchcaDfNWMtceof  ililcnBliuiaaiaMMtihel 
cdb  of  the  bkModenn.  0««t  •  tpeeU  Mwthe  omiJ  plate— {e£ 
^iMnu)  ibe  ealb  inenf  t  in  imniber  and  beoomc  cjUndrio)  in  »hafa  ■ 
over  (he  tsi  of  iIm  «tg  die  cdb  hiien  out  nd  baeomc  mndi  thfaiaet 
la  the  aoMU  oT  the  ventnl  ptue.  a  (Ufhl  (•onca  b  foiMii  by  fapid 


FRI.t< 


of  toMCI  onbnoi. 
and  lUiuiuuf 


(From  KoRscnttT 


Wi— ■elaearianbe  fcl*.  Md  eli^lw  Ifc^l 


■>  iKBrie  iAm  miim  «r  •*■■■  Mb ;  a,  wuaw  salt  «f 


■wUpicatian  «f  the  erliMUeal  <alb.  Tiit  tepcaNWs  lb«  dbcabad 
IMOdBtioD,  tfe  open  imf  of  the  mcitw  bdof  the  oiadi  do^Md 
MaMopon.  TV  wnooBitlai:  ciHadned  «db  dbUc  o*n  IhU  open  taOt, 
the  giitoTv  mually  fbllcBi  owl.  and  tbm  we  have  farawil  ■  l«o  leyend 
(Cennlnal  ainak  alich  i|imd»  farwid»  and  tacknaidi  ova  ibe  m^, 
Mul  culy  Exhibits  cxlnullr  InaerCTM  didnai  into  smnenti.  '^c 
oppn  byer  is  tbe  ectoderm,  the  lower  iodiules  the  ndfinenN  of  both 
niiaadiiiu  uiA  nulodrfwi. 
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Homwhitc  onothet  vciy  impoRont  crml  hu  lakcn  plaM.  We  tau- 
tlut  while  (he  cell*  of  tlic  trntcitl  pintc  incrcaicil  In  dcpih,  the  rcmiiln' 
ituF  cclU  llaticneil  uul  Uicnlly  ;  Ht  llic  puinl  whoic  the  Iwo  ktiitU  uf 
ctu(  unite,  un  dllicr  uJc  of  the  venlnt  plal«i  a  double  fold  ubct.  The 
l««  foldi  iinile  avti  Ihe  nirlaoe  ol  the  vcnttat  plate,  fonning  a  mem- 
bnooiu  Mcb  over  i1.  The  iniFrnal  feld  h  called  "amniotic."  the 
ODlO'  "Mtouk"  (lom  ihdi  lesciutitaDcc  to  the  limilai  cnTclopct  in  the 
CBbma  of  higher  Vcclcliratci.  Tlic  (uliJt  uikc  iiu  <lirect  part  in  (he 
<level(>pincn(  of  ihi^  eirliorn. 

We  mutiC  now  trturn  !•>  the  gerininni  Ktieak.  Thr  gmstnila  grouve 
nay  iieniit  as  a  tuhc  after  clcmirc  uf  the  blaitopotc,  biil  it  it  usualty 
conpieaacd  bj  the  cctodetm,  ot  never  ciiiii  is  a  disiinei  eavity.  Tlic 
i;»atei  part  of  the  lowci  itiatum  of  Ihc  £ennin>l  sticak  coiudils  ol 
mewdenn.  Thii^  beeomca  divided  into  tueccMivc  Kffmcntt  at  each 
udc,  each  cflnialnliiK  a  primitive  oorlomic  cavity,  pornap*  continuoitH 
with  the  KMiiuU  raiiiy.  The  cndotlirnn  uiiet  u  paired  diuicrt  of 
orllit  founil  (inly  nt  the  anletioi  aiid  potlniui  vnd*  of  the  primitive 
slrcaii.  Thew  duitcis  incicate  ra|ndly  nnd  Form  Ion);  endodFrmal 
itrtnki  which  curve  ctounwirdi  to  u  to  cmclow  the  yolk.  The  stteiki 
meet  and  futc.  lint  vcnintlly  and  later  dorwlly,  (hui  conilitulinE  the 
mid  gut.  The  yolk  nuclei  iirevioutly  mentioned  have  meanwhile 
incrcMcd  npidly.  formini;  yulk  cellk  which  ahaorli  the  yolk.  These 
cetli  are  incfuded  in  the  cndodcrmic  mid  gut,  and  there  break  up.  Ai 
the  endodenn  growi  lound  the  volk.  it  ii  accompanied  by  a  layer 
<»plaitcbtiic)  of  the  metobtast.  Fore  and  hind  |[UI  ate  formed  by 
imagination*  which  fuM  with  the  mid  gut. 

In  the  later  tlaccfi  uf  development  the  iirindtlvc  eorlumic  imuchca 
loM  Iheit  troM  pailitiont,  bcoomc  lulled  wiili  OK-wncht-iiuilic  cclla.  and 
piactlcaUy  ablitcnite<l.  The  body  cai-ity  uf  Ihv  iidiilt  h  formed  by  ths 
amMtMiceofUcuruc  in  the  celUof  the  meMmehymc. 

Tlie  IrocheaE  aris  u  KsmcntBlly  re|ii»ted  invaginations  of  the  eoto- 
derm.  The  optninn  of  the  invagination*  fomi  the  iilcmatiL  From 
ibc  hind  gut  ari*e  the  Malpighian  tubules  which  bic  therefore  ecio- 
dermlc-  The  dcvelupmcnt  of  the  other  otjpnt  ii  uiiiiUt  to  that  of  the 
CruiitaMa. 

In  summaris'tng  the  dcvdopmcnl  of  Insccu,  f>ne  must 
SpGCialiy  nolc  ihc  pciiphctsl  segmentation,  ihc  formation  of 
the  two-la]rei«d  gcmunal  sttt^,  the  presence  of  an  over 
arching;  blutodecmic  fold,  die  scgtneniation  of  the  lucso- 
dertn,  and  the  formation  of  the  mid  gut  bjr  the  union  of 
endodenoic  band*. 


MttitmOffhDiis  of  iHStits. 

(i.)  In  the  lowcsi  Inserts — namely,  in  the  old-fn«hioned 
wingless  I'hysanun  und  Collcmtiola,  the  h.-ilchcd  young  are 
miniature  adults.  Brgradusl  growth,  and  after  several  Inoul^ 
ings,  they  attain  adult  3i». 
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SmiUrly  the  newly  hatched  earwigs,  young  of  ooctdoaches 
and  locusts,  or  lice,  aphides,  icnniies,  and  bug*,  are  veiy 
tikc  the  parents,  except  thnt  they  aie  sexually  imroaliirc, 
and  that  ihcrc  arc  no  wings,  which  indeed  are  absent  from 
some  of  the  adults. 

These  insects  are  called  amflaiotu,  i.e.,  they  exhibit  tK> 
aarlced  change  or  metamorphosis. 

(2.)  In  Cicadat  there  are  slight  but  most  instructive 
differences  between  tarvii:  and  adults.  The  adults  live 
among  herbage,  the  young  on  the  ground,  and  the  diversity 
of  haoit  has  associated  dKTcrcnccs  of  structure,  as  in 
the  burrowing  fore  legs  of  the  larva.  Moreover,  the  lar\-a 
acquires  the  characters  of  an  adult  after  a  quiescent  period 
of  pupation. 

The  diflerences  between  larva  and  adult  are  more  striking 
in  May  flics,  dragon  flies,  and  the  related  Plecoptera  (e.g., 
Per/a),  for  in  ihese  [he  lart'n:  are  aiiuatic,  with  closed 
respiratory  apertures,  with  tracheal  gills  or  folds,  while 
the  adults  are  winged  and  aerial,  and  breathe  by  open 
tiachcac. 

These  insects  are  called  Aemimf/aiff/it,  i.e.,  Ihey  have  a 
partial  or  incoinplete  metamorphosis. 

(3)  Vcr>-  diflerent  is  the  life  history  of  all  other  sets  of 
Insects — ant  lions,  caddis  flics,  flics,  flets,  butterflies  and 
moths,  beetles,  ants,  and  bous.  From  the  egg  there  is 
hatched  a  larra  (maggot,  grub,  or  caterpillar),  which  lives  a 
life  wry  different  from  the  adult,  and  is  altogether  unlike 
it  in  form.  The  larva  feeds  voraciously,  grows,  rests,  and 
moutu.  Having  accumulated  a  rich  store  of  reserve 
materia]  in  its  "  fatty  body,"  it  Anally  becomes  for  some 
time  quiescent,  a.s  a  i>up.-i,  nymph,  or  chrysalis,  often  within 
the  shelter  of  a  cocoon.  IJuring  this  period  there  are  great 
transformations ;  wings  bud  out,  appendages  of  the  adult 
pattern  are  formed,  rcconstraclion  of  other  organs  is 
efl'cctcd.  Finally,  out  of  the  pupal  husk  emerges  b 
miniature  winged  insect  of  the  adult  or  imago  type. 

These  insects  arc  called  Ao/omelaMU,  i.e.,  ihcy  exhibit  a 
complete  metamorphosis. 

Two  kinils  of  larvae  occur  among  insects,  (a)  In  many 
ameubolic  and  hemimetabolic  forms,  the  larva  is  somewhat 
like  one  of  the  lowly  Thysanuran  insects  (Catt^afai),  and  is 
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therefore  called  campodcirom].  It  has  the  regions  of  the 
bodjr  well  defined,  three  pairs  of  locomotor  thoracic  limbs, 
and  mouth  parts  adapted  for  suctiorL  {h)  Tlie  other  type  is 
worm-like  or  crucilbrm,  f^.,  the  caterpillars  of  buttcrlliei  and 
moths,  with  lhrt;c  pairs  of  limbs ;  the  more  modili<:d  grubs  of 
Ikcs.  &c.,  with  distinct  head,  but  without  limbs ;  and  the 
degenerate  maggots  of  Hies,  &c-i  not  only  limbless,  but  with 
ail  ill-dclincd  head.  But  the  caterpillar  has  often  several 
pairs  of  abdominal  pro-legs,  which  may  be  homologous  with 
legs,  and  other  abdominal  appendages  arc  known  on  tlie 
larvae  of  other  iitiects,  and  even  in  the  embryos  of  xome 
whose  lai*-.T;  are  camixtdeifomi.  These  facts  make  it  likely 
that  the  primitive  fonn  had  many  legs. 

The  JAtvw  of  IniMU  i-niy  cnonnouily  Id  habit  nnd  m  strucinre,  and 
evhIUl  nnmeroiu  idapUtlioiu  to  canditiom  of  life  ray  diflerenl  from 
IbtMC  or  lh«  p*icni.  Thut  ciitcrpltl>'S  which  arc  utually  plump  and 
itotff,  M  thni  4  peck  hum  a  Urd'iUll  nuycauac  ibsm  lo  bleed  to  dmli, 
«T«n  if  no  ininicdialc  dcitruction  befidl  laem,  sre  protcctircly  ulnptcd 
in  many  diSercnt  wiyi.  Their  colour*  are  often  cluingcd  in  biimony 
wilh  (hcae  of  their  luitoumlincs,  i.omc  palatable  forma  arc  uivcd  Iijr 
lh«{t  tuMTficial  rncmbUnce  to  ihotc  whicli  are  nauicout,  a  lew  atrike 
"  (rrrifying  stiiludM,"  uthcn  arc  like  pieeea  of  plania. 

But  for  our  purpuw  ii  U  perhaps  more  impoitant  to  recall  the 
difiereDcei  briu-ecn  the  rnpimlion  of  K<mf  Xaxvx  and  that  of  the  adult, 
between  Ihe  apneuiiic  toji-a  of  ibc  dmgon  fly  and  ihc  holopneuilic 
wineetl  lynnt.  LikcwUe  of  mat  importance,  and  lupplying  a  basis  for 
clahKificallon,  aicihechangciin  connection  wlih  ihemoulb  otijana.  The 
main  £wu  may  be  auinmariMil  in  a  tcrte  wnlencc  from  the  monumeniaJ 
work  of  Ko1Ieai«n  and  Hatched  Jackson  "  Forms  of  Animal  Life." 
Oxford.  iSSSV  "  The  month  parti  mav  b«  limllar  in  all  slagM  of  life, 
and  then  are  either  ndapled  for  (attns  lifymfnathti,  t.t,,  jam  peniilentL 
01  for  raekine  {SteHtrfyuiAa,  i>.,  proboadi  peniilenl},  or  else  they  aie 
ndspled  in  Itie  lorvi  for  bilinif,  in  ihc  aduU  for  suckine.  the  change 
commencing  In  Ihc  pujm.andiuely.tnccllt^  lhelan'alE[at^T'l/'V^>'>iM<f, 
t.f.,  jaw*  chanced). 

Inlernai  httlamorphoiis. 
In  Insects  with  no  marked  metamor[>bosi.s,  01  with  an 
incomplete  one  merely,  the  organs  of  the  larva  develop 
gndually  into  those  of  the  adult.  But  in  Insects  with 
complete  metamorphosis,  there  is  a  marvellous  internal 
reconstruction  during  the  later  larval,  and  especially  during 
the  (juiesccnt  pupal  stage.  Most  of  the  larval  oiEana  aie 
disrupted  and  partially  absorbed  by  amceboJd  cells,  their 
debris  being  used  in  building  new  structures.    Parts  of  larval 
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organs  which  have  not  been  highly  sj^ecialised  form  the 
foundations  of  new  sdult  structures.  Of  special  importance 
are  ccitain  ingrowths  of  the  larval  skin  (the  q>i-  or  hypo- 
dermis)  which  form  what  arc  called  "  imaginal  discs,"  from 
which  ari.se  the  winfts,  legs,  and  epidermis  of  the  imago  or 
[>c:rfc<;l  insect.  The  reconstruction  is  very  thorough  ;  most 
of  the  miisculalurc,  much  of  the  irncheal  system,  part  o(  the 
mid  gui,  Ac,  arc  gradually  replaced  by  tnc  corrcqwnding 
organs  of  the  adult.  Yet  there  is  no  nbniptncss;  the 
at»orptioii  and  replacement  of  organs  is  perfectly  gradual 

BtONOMtcs. 

The  average  insect  is  active,  but  between  orders  {e^., 
ants,  bees,  and  wasps  versus  aphides,  coccus  insects,  and 
bugs),  between  nearly  related  families,  between  the  sexes 
(e^.,  male  and  fematc  cochineal  insect),  between  caterptlbi 
and  pupa,  wc  read  the  constantly  recurrent  antitliesia  between 
activity  and  jiassivity. 

The  average  length  of  life  is  short.  Queen  bees  of  fire 
years,  (juccn  ants  aged  thinccn,  arc  rare  exceptions.  In 
many  cases  death  follows  as  the  rapid  nemesis  of  repro- 
duction. But  though  the  adult  life  is  often  very  short, 
the  total  life  may  he  of  considerable  len^ihi  witness  some 
Ephemerids  which  in  their  adult  life  of  winued  love-making 
may  be  literally  the  flics  of  a  day,  white  their  aquatic  larval 
stages  may  have  lived  for  two  years  or  more; 

The  relation  between  the  annual  appcaranoc  of  certain 
insects  and  that  of  the  plants  which  they  visit,  the  habits 
of  hibeniation  in  the  adult  or  larval  sUte,  the  occasional 
"  dimorphism "  between  winter  and  summer  btroods  of 
butterflies  should  he  noticed. 

The  prolific  multiplication  of  many  insects  may  lead  to 
local  and  periodic  mcrease  in  their  numbers,  but  great 
increase  is  limited  by  the  food  supply  and  the  weather,  by 
the  warfare  between  insects  o(  different  kinds,  by  the 
numerous  insects  parasitic  on  oihcrs,  by  the  appetite  of 
higher  animals, — fishes,  frogs,  ant-eaters,  insectivores,  and, 
■Mve  nil,  bird-t. 

There  is  a  great  variety  of  protective  adaptation.  The 
young  of  caddis  flies  ore  partially  masked  by  their  external 
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cases  of  pcbbiM  and  TragrDcnts  of  stem  ;  many  catcrpil^Ais 
and  adult  insects  haiaionise  with  the  colour  of  their  environ- 
ment ;  leaf  insects,  "  walkinjit  sticks,"  mois  insects,  scale 
insects,  have  a  precise  reseinlilance  to  external  objects  wliich 
must  often  lare  them ;  a  humniing  bird  inoih  oloweljr  resem- 
bles a  humming  bird;  many  palalabk-  insects  and  larva; 
have  a  mimetic  ni^cmblancc  to  others  which  arc  nauseous  or 
otherwise  little  likely  to  )>c  meddled  with.  Many  insects 
may  be  saved  by  their  hard  chitiiioiis  armour,  by  their  dis- 
^sting  odour  or  taste,  by  their  duturrent  discharges  of 
repulsive  formic  acid,  dc,  by  simulation  of  death,  by  active 
resistance  with  effective  weapons. 

Many  flon-crx  depend  for  cross  fertilisation  upon  inscctK 
which  carry  the  pollen  from  one  to  another.  Many  insects 
depend  for  food  on  the  nectar  and  pollen  of  flowers.  Thus 
many  flowers  and  insects  arc  mutually  dependent.  But 
many  insects  injure  plant.s,  and  many  plants  exhibit  structures 
wliich  tend  to  itave  them  from  atuck.  On  the  other  hand, 
there  may  be  "  partnerships  "  between  insects  and  plants — 
witness  the  "  mynnecophilous  "  (ant  loving)  plants  which 
sliclter  a  bodyguard  of  ants,  by  whom  they  arc  saved  from 
unwelcome  visitors.  And  again,  the  formation  of  galls  by 
some  insects  whidi  lay  their  eggs  in  plants,  and  the  insect 
catching  proclivities  of  some  carnivorous  plants,  should  be 
remembered. 

Most  insects  are  terrestrial  and  aerial ;  the  majority  live  in 
warm  and  temperate  countries,  but  they  arc  represented 
almost  cvciywhere,  even  aliove  the  snow  line,  in  arctic 
regions,  in  caves.  Even  on  the  sea  tlie  "Challenger"  ex- 
plorers found  the  pelagic  Haltibatts.  a  genus  uf  bugs.  The 
distribution  of  Insects  is  mainly  limited  by  food  *upplies 
and  climate,  for  their  powers  of  Hight  are  often  great,  and 
thdr  opportunities  of  passive  dispersal  by  the  wind,  floating 
logs,  &c.,  are  by  no  means  slight 

Many  insects  are  more  or  less  parasitic,  either  externally 
as  adults,  <^.,  flea.>(,  lice,  bird  lice,  plant  lice,  &c,,  or  inter- 
nally as  brva;,  r.^.,  the  maggots  of  gad  flics  on  cattle,  and  a 
great  number  of  borers  within  plants. 

We  need  only  mention  Hessian  fly,  Phylloxera,  Colorado 
beetle,  Weevils,  I.ocust3,  to  suggest  many  more  which  are  of 
much  economic  imiwrtance  as  injurious  insects.     On  the 
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atba  ham^  oar  iadabtadBoc  to  bin  bee  and  silk  moth,  to 
eodiinMl  and  he  iancu^  M  Aoac  which  destrojr  iajunous 
insects,  tad  to  those  which  aarj  poUen  from  flower  (o 
nower^  o  obnoQi- 

Fmalt)-,  we  miiM  at  teut  cMBtion  that  in  ants,  bees. 
wup«,  and  icnnUo  we  find  Uhntntion  of  YaiioiB  grades  of 
social  life,  and  marveUoos  eiditbitxxu  of  instiixtiTe  sluU  as 
veil  as  some  iniciligence. 

Iimifti  iRoit  have  appeaioj  rebttrrtjr  early,  for  remains 
of  a  codumch-lilcc  forni  have  been  foond  even  in  Silurian 
■trela.  The  higher  fonns  with  complete  invtAmorphosb 
appear  much  later  {e^.,  beetles  in  the  Carboniferous  ages), 
out  it  seems  ihat  the  Palxoioic  Insects  were  mostly 
generalised  types,  prophetic  of,  rather  than  referable  to,  tbe 
nodcm  orders. 

As  to  tlic  pedigree  of  Insects,  the  wingless  Collembobi 
and  Th)-»nurft  are  doubtless  pnniilivc.  llKy  lead  us  hack 
to  some  of  the  less  specialised  M)Tiopods  {e.g.,  Stvlifc»- 
drtlh),  back  further  to  Peripatus,  which  helps  to  link  the 
'I'mchcate  to  the  Annelid  ierie*. 

But  though  the  iJTimitive  wiiiglets  insects,  the  simple  types 
of  Myriopods,  and  Ptripatnt  represent  ascending  steps  in 
evolution,  what  the  actual  path  has  been  we  do  not  know. 


CHAPTER    XV. 


ARACHNOIOEA   AND   PAL^OSTRACA. 


Class  Araciikoidea — Spiders,  Scorpions,  Mites,  &c. 

'['he  class  Aracbn04(l«a  is  Tar  from  being  a  coherent  unity. 
Its  subdivisions  are  numerous  and  diverse^  and  a  statement 
of  general  characters  is  consequently  difficult. 

The  itHltrior  ugmenis,  aiifut  seven  in  number,  are  fiiud  iitlo 
a  etphalathoraXf  tohiefi  dears  six  fairs  of  appendant.  The 
moil  anterior  1/  these  apptndages  may  be  turned  in  front  of  tAe 
MKwM,  6ut  there  are  no  pre-orai  oulgivwihs  lite  the  antenna 
of  Jnuets  and  Myriofods.  The  first  two  pairs  ^appendages 
((helieera  and pedipalps)seneraify  have  to  do  with  seiting  and 
holding  the  food  ;  the  others  are  walking  legs.  But  although 
six  pairs  txeur  in  most,  there  may  he  metre  or  less.  T^ 
oMomen  it  generally^  but  not  atx-ays,  without  appendages  ;  it 
may  be  segmented  or  untegnienttd ;  it  is  generally  distinet  from, 
but  may  be  fated  to,  the  eephalolharax.  A  plate-like  internal 
skeleton,  ealltd  (he  endosttmite,  if  often  present.  Respiration 
may  be  by  tubular  traehea,  or  by  lung  books  (ehamdered 
traehea  tf,  or  by  ffth,  and  many  would  intlude  the  Branehiate 
Palaoslraea  along  with  AraeAnoidea.  In  the  traekeale  forms 
there  are  netxr  more  than  ftmr  pairs  of  stigmata.  An  elon- 
gattd  dorsal  heart  usually  lies  in  the  abdomen.  The  position 
vf  Ike  genital  aperture  or  apertures  is  usually  on  one  of  the 
anterior  abdominal  segments.  Exetpi  Tardigrada,  all  have 
stparate  srxet. 

Order  1.  Scorpionid£ 

Scoipiom   are  elongated  Arachnids,  restricted  to  warm 
liountrics,  lurking  under  stones  or  in  boles  during  the  day, 
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but  active  at  night.  The  Seorpio  aftr  of  tlie  East  Indies^ 
attains  a  length  of  6  inches,  but  most  arc  much  Nioiillerj 
They  Teed  on  insects,  spiders,  and  other  small  animals.  The 
"  tail,"  with  the  venomous  sting  at  its  tip,  is  usually  curved 
over  the  anterior  part  of  the  )>ody,  and  can  reach  forward  to 
kill  the  prey  caught  by  the  anterior  api»enda^«,  or  ain  be 


KlO.  lOJ. — Sc«r])ii)n. 
t,  *Li];iiiH  <if  (L  Innii  book  on  ihc  pr^^jkbilcidito ;  rf.  nring  cr  p<i*i 

suddenly  suaightencd  to  strike  tuckwards.    When  man  iSj 
stung,  the  poison  secnu  to  act  diiefly  on  the  red  bic 
corpuscles,  and  though  never  or  very  rarely  falal,  may  cause ' 
mudi  pain.     It  has  been  Kaid  that  scorpions  commit  suicide 
when  surrounded  hy  fire  or  otherwise  fatally  threatened,  but 
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Kbeen  anxwered  that  th<.7  do  not  sting  thera-ielvo,  that 
they  could  not  if  they  would,  snd  thai,  o'cn  if  they  could, 
the  poison  would  have  no  effect  I 

The  body  is  divided  into  (i)  a  cephalothoTax  or  "pro- 
soma"  of  ax  segments,  whose  ter^^fuse  into  a  c^apace,  and 
(>)  an  abdomen  which  indudei  a  broad  seven-segmented 
"  mesosoma,"  and  a  narrow  fire-segniented  "  metasoma." 
At  the  end  of  the  latter  there  is  a  post-anal  curved  spine  or 
"telson,"  containing  a  paired,  compressible  poison  gland 
opening  at  the  sharp  tip.  There  is  a  strong  cuticle  of  chitin, 
and  also  an  interesting  internal  piece  of  skeleton  (the  cndo- 
stcmiic),  partly  chit inoid,  but  also  resembling  fibro-cartilage^ 
which  lies  in  the  cephalothorax  alravc  the  nerve  cord,  and 
scTTCs  for  the  insertion  of  muscles. 

The  appeiuUf^  are — 

(I.)  Small  thte«'ioiniul  chctai«  chetiwnc  or  fitlctit  }uM  above  ibe 
BDuth,  Bud  in  holiling  iitcy. 

(3.)  LoiEf,  Btx -joint mI.  chelate  pciIi[ULttia.  TlicM  stixr  llic  picry ; 
Itwii  baal  joints  n«lp  in  maslicaiion,  and  in  lomc  usn  ihcy  produce 
raiping  loundi. 

(i-£y  Four  pain  of  tcren-jointeil,  non-chclate  nalkinf;  Icgv  The 
baial  jointi  ol  Ihc  &til  two  fnirt  hrtp  in  oonnccllnii  will)  ihc  inamh. 

Ap|i«rcnlly  c(|uivftlcii(  hi  u  Rni  juir  of  stidominal  appenrUge*  1*  a 
iRMll  notched  plale  oi  oijirKuIuni  which  coven  or  beui  the  genital 
aperture  or  apeiturei. 

AppMcnily  of  the  nnlurc  of  appcndaGct  ue  the  comb-like,  probably 
lactile,  pcctine*  on  the  tccond  nbdanuniil  Mtmcnl. 

SU  other  pain  of  abdominal  ip|>cmlai;c(  are  ^ocnt  in  the  embtyo, 
Inu  ibcy  abort 

Th«  nervous  system  consists  of  a  dorsal  brain,  a  ring 
round  the  gullet,  and  a  ventral  nerve  cord.  The  simple 
«yc*  situated  on  the  carapace  arc  inncn-ated  from  the 
baaa,  the  first  six  ap|>cndages  from  the  collar  and  the  sub- 
cesophage*!  i^nglion.  Behind  the  latter  there  are  seven 
ventral  ganglia  in  the  eleventh  to  seventeenth  segments 
inclusive. 

Scorpions  .seixc  small  animals  with  their  pedipalps,  hold 
them  close  to  the  small  mouth  by  their  chelicenc,  sting  them 
if  npcd  be,  and  suck  their  blood  and  juices.  The  pharynx 
serves  as  a  suction  pump,  a  narrow  gullet  leads  to  a  slight 
enlargement,  into  wliich  a  pair  of  salivary  glands  open  ;  from 
the  narrow  mid  gut  several  large  digestive  outgiomhs  arise ; 
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then  follow  one  or  two  pairs  di  Malpighiai)  tubes ;  the  bind 
wA  end>  in  a  ventral  anus  beneath  the  baie  of  tbe  sting. 
The  narrownets  of  the  gut  max  be  awociwed  vith  the  fiuid 
nature  of  the  food. 

The  body  cavity  is  for  the  most  pan  filled  up  with  oigaoa, 
muscles,  and  connective  tissue.  A  pair  of  coxal  gluKb,  per- 
ha{»  excretory  and  nepbridial,  but  appafcnliy  doaed  to  the 
adult,  he  near  the  base  of  the  last  two  waJlcing  legs. 

Tbe  blood  contains  amoeboid  coqiusdes  and  the  respiai- 
loiT  pigment  hcmocyanin.  An  eig^rcbaraberad  hewf, 
within  a  pericardium,  lies  along  the  back  of  the  mesoaoina. 
It  gives  off  lateral  arteries  from  the  posterior  cod  of  e»cb  of 
its  chambers,  is  coniinuod  backwards  in  a  posterior  aorta, 
and  forwaitU  in  an  anterior  aorta.  The  Utter  suppKca  the 
head,  anil  divide^  into  two  branches  enciiding  the  gullet 
and  reuniting  in  a  ventral  artery  above  the  nerve  cord.  From 
capillaries  the  Mood  is  gathered  into  a  ventral  venous  stnus, 
t<  purified  in  the  lung  books,  and  thence  returns  by  \-eins  to 
the  pericardium,  6naing  its  way  by  valvcd  lateral  openings 
(ostia)  into  the  anterior  end  of  each  heart  chamber. 

On  the  ninth  to  twelfth  laments  be  slit-like  stigmata,  the 
openinp  of  four  |i3irs  of  lung  books.  Each  lung  book  is 
like  a  little  purM:  with  numerous  (over  a  hundred)  compon- 
menls-  Air  fills  the  much-divided  cavity,  and  blood  circul- 
ates in  the  lamellic,  which  form  the  partitioco.  These  lung 
books  or  pulmonary  sacs  arc  believed  by  some  to  be 
chambered  or  plaited  trachex,  while  Professor  Ray  Ijtnkes- 
ter  regards  them  as  inva^nated  modifications  of  gill  books 
such  as  Limulus  possesses. 

Tlie  testes  consist  of  two  i>3irs  of  longitudinaJ  tubes, 
united  by  cross  bridges )  the  vas  deferens,  with  a  terminal 
adulatory  modification,  opens  under  the  operculum  on  the 
first  abdominal  st^mcnt.  The  ovary  consiitU  of  three  longi- 
tudinal tubes,  united  by  cross  ducts,  and  two  oviducts  open 
on  the  under  surface  of  the  genital  operculum. 

Fertilisation  is  internal  ;  the  ova  begin  their  development 
in  the  ovary,  and  complete  it  in  the  oviduct,  lite  scgnKttta- 
tion  is  discoidal.  the  ova  arc  hatched  within  the  mother. 
ITic  young,  thus  born  "  viviparously,"  are  like  miniature 
adults,  and  adhere  for  some  time  after  birth  to  the  body  of 
the  mother. 
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The  race  of  scorpions  is  of  very  ancient  origin,  for  one 
has  been  found  in  Silurian  strata,  and  others  nearly  resem- 
bling those  now  alive  are  found  in  the  Carboniferous. 

Examples. — Stirrpio,  Euseorfius,  Butht!^  AndrodimMt. 

Ordcra.    PuuDOtcoKi-tOKHVK    " Book  Scorpon^" r^., 
CktH/er,  CAtmtt. 

MinulE  aninuli,  rimi  >I«nduit  In  ainn  ctinuia,  under  huk,  in 

bwlM  ante  lb«  wlag  cover*  of  iiwccto,  Jtc    They  »n  like  minikiure 

■tftmillfc  ]ml  without  the  long  tail  aad  sling.     Thcii  Ibod  probatiljrj 

tuumn  m  the  juices  of  iiuccti  i  th«  chelicene  ua  minute  tuckcTH.  ibe  j 

pnfipalp*  like  tnc«e  cf  KorpoiUL    The  abdomen  i«  btood,  witli  lO'ii  i 

Mfmentx,    They  hrctttb«  by  tnbulM  inchetc,  and  banc  spinnini;  gland*. 

Ofdct  3.    ntDtPALTI.    "  Whip  Scorjiiont,"  t^.,  nifyf^Miui,  PArymu. 

SbmII  animals,  fbunit  in  warm  countriei.  The  abdomen  it  deptwaedtj 
Mrell-deGned  from  the  thorax,  anil  hu  ti-tt  tccmeDU.  The  cncliccnci 
are  Ktmply  clas'od.  liul  are  pouonoui  ;  the  pcdinlps  »rc  umply  cla*«d] 
Of  ebe tndy  chelate.  The  itiMpiir  of  limlMarelikcantennie.  Rcspin- 
lloa  br  two  pairs  of  lung  iac>.  In  Titljfkeimi  there  1>  a  Ion);  lennlnal ' 
whip. 

Ofdet  4.    Phalaksid.k  (or  OpiLiONtNA).    "  Harvett-men,"  e^., 
Piaiangitim. 

The  small  ifoder-lilie  "hstvcil  men  "  arc  noted  for  iheii  exttcmely 
long  lc£K  bjr  which  lhe>'  ""'k  ilowly  ilonjj  BioUtinE  the  glue  of  day. 
The  bmad  six-KKnicnteil  alxJonien  i'^  not  ili>linci  from  (be  ihoru  ;  (he 
chclicenc  uc  ehebte;  the  psdi^lpt  aie  like  lc».  Roplmlion  byi 
lutulai  inchne.  The huvost  men  »«  lomolinicinneddaddy-lonic  Ieg%< 
bul  we  Tcwive  thni  name  foe  the  crane  fly  (  TifMla  vUnna).  nnraic 
liwy  to  be  confiurd  with  the  tioublcsonic  "  harresl  bugs"  {Trvmbiiium 
t^tnteiin).  which  uc  miouTe  red  mxlcv  The  harrest  men  do  tiol 
tfoubic  us,  but  feed  on  sreaiX  jnteeu. 

Ofdet  S-     Sol, F vol !>-»■.  i-r  .SoMFUO*.  t^.,  CttJftJti  or  Se/fitiga. 

Atlive,  pugnacioiii,  venomout,  nocturnal  little  animals,  found  in  the 
mumer  ptu^s  of  ihc  earth.  The  head  and  abdomen  are  diitincl  from 
ih«  ihotax.  The  Ihonui  hu  three  tcKincnii.  the  abdamen  nine  or  ten. 
The  chclker;e  ate  chelate,  the  pcdipalps  like  long  legs.  The  retpinition 
b  by  mckni  of  lubuUr  tracheae.  The  Kpnentallon  of  the  thonu  is 
remarkable. 

Order  6.  Araneid^,    Spiders. 

Spiders  are  found  almost  ei-erywhere  upon  the  earth,  and 
a  few  are  al  home  in  frc»h  water.  Most  of  them  live  on  the 
juteei  of  insects,  and  many  form  webs  in  which  their  victims 
are  snared.     They  may  be  divided  according  to  haSit  into 
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Mpi  !■  ■■■rfwriiiw.'-tfc  Ike  I  lahil  i«Ht  m'iW  i 
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l»*)  row  Hm  of  miftMlr  (kMd  aiftK  hp.  The  MM 
wnto  p>lr «g  — di  hc4  i  ftHw      !■  As  cAna  ihoc  *at Im 

r'~  '  '^      '  II    'i     ■■-  • 

The  nervoQi  sjrMen  is  o^  the  nani  Artbropod  type;  but 
•howi  much  centnlintion.  Thus  the  ventnl  gan^  uv 
fuKd  into  QDc  Urge  centre  in  the  oepfaalotbonx,  a  condition 
cr>mparalile  to  thai  in  cnbs.  Tboe  are  two  or  three  rov5 
of  Mnple  eyci  on  the  c^thalotboiax,  whose  fool  duunce  is 
voy  vaatu  spiden  trustiag  noM  to  their  cxqaiate  seme  of 
uwch  bf  which  they  diimminaie  the  varioas  vibntions  on 
a  web  line.  The  Kmei  of  smell,  hearii^  and  taste  are 
oUo  prCKnl,  but  little  i*  known  in  regard  to  the  organs. 

Body  cavity,  endoslcmite,  and  coxa)  giax>ds  generally 
TWembk  thrmc  vi  »rorpions. 

The  tjiidcT  iitually  sucks  the  blood  and  iuicet  of  its  prey, 
and  lichind  the  gultct  lies  a  powerfully  suctorial  r^ion, 
Hlrcngthencd  by  chitinous  pbtcs,  and  worked  by  muscles. 
From  ibc  unall  mid  gut  arise  five  pairs  of  long  cxca.  a  pair 
ninning  forwards  and  a  pair  passing  into  the  bases  of  each 
pair  or  leg*  and  then  back  again.  These  cieca  sometimes 
anailomose,  Kunltcr  back,  the  mid  gut  gives  off  numerous 
diflcstivc  out);rowth.>i  which  fill  »  hrgc  juin  of  the  abdomen. 
Tneir  accrellon  diKcHls'  proicids.  Terminntly  there  is  a 
large  cloaca,  ami  where  the  intestine  join«  ihis,  four  ex- 
cretory Malpighian  itiba;  utc  given  off. 

A  three  cbnmlwrcd  heart,  conuining  colourless  blood, 
lies  within  a  pericardium  near  the  dorsal  surface  of  die 
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TbcBtlttaici 
WMilfr  and  onen  nmi. 
bnftitljr  ooloored  than 
their  mstcs.  From  ibe  ptired  testes  ia  the  uucnot  pan 
of  the  abdoDtcn,  two  nsa  deferenttt  pftss  to  a  oomaKm 
apcnurc  bcMle  the  opeoiogs  ot  the  long  books.  Froa 
the  paired  ofvy  two  ondncts  iSkcmtt  aiiae  and  open 
into  a  utem^  whoM  cxtcmaJ  apeRure  is  sonmoded  ia 
ihc  mattire  feaoAe  bjr  a  complex  eenital  aniutiue  or  epi- 
gynhim.  Here  abo  in  mott  fcnuks  arc  the  opcnii^  of 
two  receptacula  aeminn,  in  which  the  ipcmu  ttxcived  tnn 
a  male  arc  stored,  and  boat  which  tbef  pass  by  a  pair  of 
internal  ducts  to  the  ondncts,  there  to  fertilise  the  ova. 
AUtukin  has  alrcadjr  been  made  to  the  fact  thai  the  spenos 
of  the  male,  ahci  cmiaskm,  may  be  stored  ii|i  in  the  last 
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joint  of  the  pslps-  The  ova  are  usuallv  surrounded  by 
nlken  cocoons,  which  vk  carried  about  by  the  mother  or 
carcrully  hidden  in  nooks  or  nests. 

SfinniHi;. — Compcainon  of  the  spinning  glancli  eausn  >  Row  of  tiquiil 
■ilk  IhrDUgh  the  fine  spooli  of  the  iiniinetclL  The  ciitFinely  ihin  nU- 
menu  from  each  ipinncrct  unite  Into  a.  (hioul.  nni)  Ihc  ihread  of  one 
tpinntiel  ti  often  combined  with  lh«i  from  thcothcn.  In  thii  way&cota- 
pound  \\ar»A  of  A^ulxltc  fineneui.  ilinueli  rivalled  t}y  a  quMU  fibres  b 
prodnccd,  bnl  two  or  four  aefumtc  thmil«  wr  oAen  exuded  M  ihe 
ame  time.  Defbrc  beginning  lo  "bpin,"  the  Kpider  ofleo  proueiUie 
n^nereU  agaiiut  the  surfnce  to  which  the  Ihread  is  to  adhere  uid 
drawt  Ihc  filamcnU  out  ti>'  sluwty  moving  au-iy.  Often,  howerct,  the 
filamenli  ooce  out  miite  apart  (icnn  txei  sllucliinent.  The  legs  one  kIw 
much  lued  in  extending  and  jniidine  the  Ihread.  and  lome  iiriden  hat-e 
un  the  hind  \i:^  »  iiicdAl  corno  of  slilT  hain. 

On«  of  Ihc  mutil  important  wxy»  in  which  ihe  tecrctcd  tfartadt  arc 
iiwrd  ii  in  fonmiog  a  web.  The  common  garden  tpidcT  (ifi/rmi)  makes 
a  web  which  ii  a  lieauiiful  wuifc  of  uncunBcioui  ail,  and  very  effective 
u  t  tnue  fo(  imcctk  The  spider  first  forms  "  foundation  lines  "  uound 
tlie  (elected  uea :  it  then  swings  aoxm  the  area  with  the  liist  '*  ray  " 
which  it  l>xes  fitroly  t  another  und  anolhei  is  formed,  all  inienectin|> 
in  one  centre.  Secondly,  it  v.xi\9,  from  the  centre  and  move*  from  lay 
to  ray  in  a  long  wide  spiral  gradually  outwaida,  Tearine  a  iliong  ipinu 
thread  as  it  goes.  Tliirdly,  the  spider  moves  in  a  CKner  vjwal  mm 
the  dTCUiitfetencc  inwardi,  biiiiig  away  the  fannet  spiral,  repladne 
It  by  another,  which  is  viscid  and  adhoavc  It  is  to  thu  thai  tne  web 
dlldly  owes  its  power  of  catching  liuccis  which  light  there.  Tbete  is 
uwally  a  tpedal  ihieail  tunning  la  ihc  adjacent  hole  or  nesi.  and  the 
entire  Eibric  is  niarvelbutly  wiudlivc.  for  (he  tplda  fecU  rather  thkn 
tees  when  a  victim  U  <iiug:ht. 

The  spun  threads  arc  ubcd  in  many  oilm  wayv  They  line  Ihe  nest. 
and  form  cocootis  fut  the  eggs.  They  oltm  trail  behind  the  spiders  ai 
they  creep ;  they  groitly  aisisi  locomotion,  and  are  used  in  marvellous 
futi  of  climbini;.  KnuJl  and  young  spaders  often  stand  on  lip-Ioe  on 
the  top  of  a  fence  oecrcte  a  parachute  of  threads,  and  allow  them- 
m1*«*  to  be  borne  by  the  wind.  Tlie  fallen  threads  arc  knom  m 
gonamer. 

CirirryiAt/.— The  males  are  untially  much  inulltf  than  Ihe  females. 
It  U  olculatcd  that  the  disproportion  b  sometimea  *uch  .is  would  be 
obtervcd  if  a  man  6  feet  hi^h  and  150  pounds  in  weight  wefe  to  moiry 
■  flantefa  of  75-90  (oel  high,  200.000  pounds  b  weight.  It  may  be 
ihu  tha  tmallncts  of  the  mala  is  mainly  due  to  the  uct  that  Ihey  arc 
male*  i  otheti.  explain  it  by  layinc  that  the  umaUer  the  uules  are  the 
leas  likely  Ihry  are  10  lie  raaghr  by  their  frei)uen(ly  fcrociout  malM. 
It  is  dilTiculI,  tiowcvet,  to  understand  how  thii  charMtctitlic  tmallne**. 
though  perhaps  advantageous  and  likely  to  bo  &rourcd  by  natural 
selection,  can  be  entailed  on  the  male  oApring  only.  But  thit  dilHcully 
in  regard  to  inheritance  it  one  whidi  kcMa  many  similar  interpretatiowL 

The  malci  are  often  more  brilliantly  coloured  than  Ihe  females,  |ier- 
haps,  again,  because  ihcy  are  nulcs.  though  what  (he  phyiiotogical 
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conofction  between  the  mile  conilitutiDD  nnd  liright  coloun  ia  Itiii  cai« 
ii  we  cunnoi  icll  (ill  Ihc  lUlate  of  the  pigmcnti  ii  known.  WbIIom  hai 
ipokcn  of  the  fiequeni  biilliancy  ol  malci  lu  due  lo  their  j^cAtcc 
vltalilf,  uid  itkn  the  ielat[%'e  pUinneu  caminon  In  fcnuiJa  lo  Ihcir 
gnuer  iwtd  for  protection.  Daniin  referred  lhcgrnt«t  ilMonlivencn 
of  BuJea  to  Ihu  bi-l  Ihil  IhoM  which  vnricil  in  this  dinclion  found 
lavour  in  the  ejfi  of  iheii  males,  were  cunic<]iicn1ljr  more  succctifiil  in 
itproductioD,  and  tbui  lendcd  lo  entail  brilliancy  on  their  mule 
sieceuon.  Bui  we  naliirall)-  nsk  how  (he  brilliancv  Iiefian.  and  how 
ill  enhancement  is  itaniimilEcd  (o  main  alone.  In  Ihe  "  Eoflulifii  t/ 
Sa,"  Piofeuur  (juildcs  and  1  have  iecot;niic<l  itiat  tci,uait  tckclion 
majr  help  loraUhUth  the  biilUiLncy  nf  malcI^ulll  iliat  natural  leltcllon 
may  h*lp  to  keep  the  fcmalct  jiUin,  bul  have  aXta  w>U|{lit  lo  uwcitte 
dcooralivv  and  olhcr  diHtiencn  between  (he  wtaot  with  the  mote 
faiKhiiienUl  qualities  of  malenew  and  fcmalenas. 

I  have  inttoduoed  (hit  mbject  here,  because  it  allbfdt  a  plttuanl 
iniettude  In  our  lyiienuKlc  i^urve;,  and  became  it  letvct  (o  illuitislc 
aome  of  Ihe  prahteait  of  evolulion. 

Two  Aincricaii  otMcrvcnw  Mr.  and  Mrt.  rcckhnm,  have  madu  a 
*efir»  of  htuidinon  ihe  court^p  of  sjiiden  mote  careful  than  any  otheni 
of  ihc  kind. 

They  find  "  no  cridcnM  that  ihe  male  ipiden  possea  greater  vili] 
activity  ;  on  Ihe  oonlrary,  it  I*  the  female  (hat  is  the  mote  active  and 
pugnacloiu  of  ihe  Iwo."  They  find.  "  no  relnlion.  in  eilhcr  i.ci,  lieiween 
(levolopmont  of  colour  and  aciitiiy  ;  the  Lycohido:,  which  aie  amoni; 
thanoit  Bclivoofall  ({Ndctt,1uviii£ihelcMl  colour  dcvclopmcnl,  while 
ibe  tedentary  orb-wcaTrrt  sliow  (he  niott  brilliant  huM.  "  In  ihe 
numerooi  cam  wheie  lh«  male  differod  from  Ibo  female  by  bri|chlei 
fioloun  and  oraamentnl  appendasei.  these  adommenti  weie  not  only  ao 
plu«d  •«  to  be  in  full  view  ■»  the  female  during  courtship,  but  the 
altltudei  and  antio.  of  (he  male  iindct  al  that  time  were  actually  luch 
aa  lo  dbplay  them  to  the  fullest  extent  Dooibte."  "The  male*  were 
much  more  quarrclMmc  in  the  proence  ol  the  female*,  and  to  a  (peat 
«rl«iit  lost  Ihoir  tendency  !■>  fight  when  the  niatini;  teaion  woa  over." 

Theeourtahipispiolongeil  and  «labatatc^  the  femateaareiMonlvcoy 
but  often  tavagc.  The  mate'alove-malungtooAenciilihort  by  bisdeua 
at  Ibe  huids  01  cheliccne  of  hii  deNred  mat&  Of  cotme  we  muit  be 
cafefli)  not  to  exaapnUc  ihe  mbtlety  of  Ibe  mental  ptocica  inrclTed 
in  the  eoiutthlp  ofanimalt ;  we  miut  aUo  beware  of  regarding  it  loo 
crudclv. 

"The  fact  Ihal  in  A(liil.<  the  inalea  Tie  with  each  other  in  making  an 
«labocat«  ditplay,  not  only  of  (heir  grace  and  igiUly,  but  aUo  of  their 
boaiily,  before  the  firmalei;  and  tna(  ihc  female*,  oftri  allenlively 
tnlchiiig  Che  daacei  and  toumamenli  which  have  been  executed  for 
ttadryrMlioatioii,  iclect  fon  their  mates  the  males  which  they  find  moal 
pleumg,  odnts  itrongly  lo  the  conclusion  thai  the  stou  diHercncei  in 
colour  and  In  oinanicni  between  the  males  and  females  of  Ihcie  spidera 
are  the  remit  nf  tciual  telcciion." 

It  U  tlill.  however,  quite  powiblc  thai  Ihe  colouring  and  deooratlonl 
mav  hAvtariten as  natural  outcropaod  the  male  conatilulion.  (he  charao- 
MUtkl  of  which  are  by  no  mem>  ItntlUd  to  gteMn  vitality  oi  activity. 
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CiastifieatioM  of  Spiders. 

I.  TctiaiMKiiBKnei. 

Four  Umfi  boolu  and  no  iiKchcn:. 
Afyjt«Jr,  *  i«ree  lurhing  tpidei  «'hich  hM  litm  known  lo  > 
Roiall  Uf  d«,  tiul  utuallr  e»l>  iiuocu.   Alyftn,  Clfiia,  t 
oihtrt  make  nnt  inp  dooi  noU> 

'  XlipiKUirontt. 

T^D  limti  booltk  and  traction  m  hcU. 
Here  arc  included  ibe  web  ipinneit.  a; .,  Efitirm,  «olf  ipidetib 
t.r.,  L/r^M,  Tonmtuta,  the  kiter  mtb  pananou*  qualiliet 
which  have  been  much  eugjcratcd  i  jinnpini;  t^tidcia,  the 
faiuily  Ailitl^c.  t.f.,  Alltii  ttllieai.  The  oommae  bogits 
»plJcf  ii  Tegrnaria  Amtitua  ;  ihe  eomtnoneu  niden 
tpido  it  Eftira  .ti»JiiaMa.  Arommtta  aohmMVa  Tilla  an 
■iiualic  >ilk(n  ii«s(  with  Imtihin  cau^l  at  itie  tuifkn. 

Order?.    Acamka.    Him  WKlTickihf.f.,ChccH  mite  (7>n^_»/4«>k 
Mild  arc  miniitc  Anuhnoidt  inclined  to  paiiuiliun.     They  occur  In 
llic  tailh  oi  in  WAlei.  utt  ind  lm\i,  or  on  animal*  and  (ilanlK.     They 
bed  on  ihe  oicaniuni  Ihey  infcM  ut  upon  ot]piiiic  dcbrik 

The  •bdeoien  it  taitA  with  the  ccph&IothorM,  both  an  UDacigmmted. 
According  to  the  mode  of  Itht,  the  mouth  paila  are  adapled  fix  Mine  Oi 
foe  Biodnp  and  tucking.  Krspiralion  inajtbe  wnply  Uirongh  llw  £b  ; 
ik  tne  najoritir  ihcrc  arc  inicheic  with  two  UianMta.  A  bean  lecaia 
utunBy  abaent,  bat  it  ii  luncnt  in  Gamaimt.  Many  of  the  young  hava 
«aly  ibiee  p*ir«  of  Up  whco  hatefaed,  but  toon  pla  inolhx  pair. 
Who  lomo  nlica  m«  ftarved  or  dcMCcalcd,  and  tu  tome  ext«nl  die, 
certain  odla  in  the  body  unite  wilhfai  a  cysi.  and  are  aUe  in  &roBi»Ue 
Gondiliana  tu  rqErow  the  animal. 

Bxauple*— 

(al  Wllhoul  inuheK.  Cheeie  mile  iTrr^fyftnu).  lich  mile 
l.ViBnMfa  mtiti^  oaiing  a  haitfuMDc  dlirair  S.  Mnii 
am»  "  wu«e  '  in  doK*.  Follicle  mhe  UJMeMkr  jUli. 
rMJknwK  oonunoM  In  the  bair  Ulielea  of  man  and 
doneitic  anhnala.     C;ail  milm  (Fi^t^iii),  cm  plnala. 

in  With  lorcbaa.  HamM  nule*  ( TivmUiiiiim\,  minute  pnin- 
■ile*  oAo  troubletonkc  in  Himmcr.  What  b  oAen  called 
Uic  red  uridte  iTefmrA/tntii  u!/ariMi).  i.^i\as  weha,  and 
Ihca  Mcially  uadet  leave*.  Water  nulea,  t-g^  Uplfmknm, 
BW  water  beaika.  and  Alaj,  tn  gUli  of  frwb  waiet  nwali. 
Baetle  lalOm  {(kmiMtuy,  often  fouad  on  caniea  becihk 
TU»  (/nJuh  on  dags  callle,  Jtc. 


Afvrraitt  Ordtrs  Of  Clatut. 

OoIhS.    l.t.viittATCi.lPA.    rmtMUMwm  LrmiiiJa. 

TMa  Mnnge  aoinial  !•  (Bcuiik  tn  the  Basil  and  fruiiul  ovilie*  of 
the  dog  and  wotl.  It  i*  worm-like  tn  farm,  caicmally  ringed,  wttbont 
•>r  on)  »[TWiil>gw.  tiul  wlUi  two  paita  of  Movabk  boeSn  neat  iba 
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Riooih.    There  arc  no  «eiiH  OTfpnk  nor  [raclm.    The  spmb  are  separate. 
Ihc  mala  inialler  than  Ihe  female*. 

EniliryiK  wiihin  tC(eMCt|M«  from  tiie  imtriliaT  thedoG-  If  they 
happen  i«  l>c  kHitllnwcd  hf  ■  taltbic  or  n  hate,  or  it  majr  be  acniic  other 
nuuiimal,  (Vic  cmlitynt  hiil^li  in  llic  gut  anil  penelraie  lo  livrr  nr  lung. 
Then'  ihcf  i-ncyil.  tnuult,  anil  iin<lrii^  ineramonihoais.  The  final  larval 
fonn  is  not  »  unlike  on  Arai.'tin.:iiil  kb  the  aiJiilt  '»•  LiberaleU  bwn 
its  cnqMment.  it  moves  nboul  within  its  bail,  but  will  not  bcccme  adult 
or  sexual  unlcu  \m  hem  be  eaten  liy  dog  or  nxilf.  There  are  a  lew  other 
specie!  oei'utitnc  in  Reptile*.  Apes,  uid  even  man,  but  iheir  hiktory  b 
not  aJiHiuaiely  known. 

Order  9.  Tardiorada.     Water  Bears  or  Sloth  anlmnlculc*,  14;., 
Atatnlii^Hi. 

HicKMeopie  animali,  sometimes  Tounil  about  the  damp  moBoTiwampi 
or  «nn  in  tPic  roof  ijulleri  of  houses.  Thebodfis  somewhat  worm -like, 
with  font  pain  of  clau'd  limbs  like  little  slumjis.  with  mouth  part* 
mtcmbling  thotc  of  M.nie  miles,  and  adapted  for  jijercing  and  tueking. 
There  It  no  aliil'imen.  There  {«  a  foocl  canal,  a  brain  anil  ■  i-entral 
chain  of  four  ganf^lia.  tonietimes  even  a  pair  of  limple  eyei.  but  nu 
mpiratoiy  01  vjicuIm  orgnni.  They  are  the  only  hetmaphttxtiie 
Arachnoiiiis  If  ihey  ate  Aiacnnoidiu  The  egga,  which  Are  developcil  in 
the  eaal  tkin  o(  the  pnrenc,  nndergo  total  ugmealation  bul  htllc  ii 
known  in  regard  lo  iheir  developmenC. 

The  ■nier  l>en»»  arc  said  10  havv  gteal  poweri  of  suceesifullv  resitting 
desiccation,  bul  pcihani  it  is  the  enclosed  eggs  which  do  k>.  developing 
rapidly  when  fivounihle  condiiiont  return. 

Some  authc]iiiiodi|;ni(y(S)and  (9)MdaMC«i  brtesHnt  of  practical 
expediency  I  continue  tu  call  them  order*. 


Class  Pausostraca. 

Tlie  three  rollowing  orders, ^Xiphosura,  Euryplcrina,  and 
Trilobita  may  tic  uiiiii^d  under  Ihis  title-  They  live  or  lived 
in  water,  and  hsvc  or  had  gills  in  association  with  the  limbx. 
The  recently  discovered  antenna:  of  Triiohites,  together 
with  the  markt-dly  blramosc  character  of  some  of  their 
limbs,  suggests  an  affinity  with  Crustacea,  but,  on  the  other 
hand,  the  afliinliCB  of  the  Xiphosura  scctn  to  be  distinctly 
AracHnuid. 

Order  t.  Xiphosuiia. 

There  is  one  living  genus,  the  King  Crab  or  Horse-shoe 
Crab  {/.imulvi). 
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The  King  Crnlj  lives  at  sHchi  de^nhs  ofl*  the  miitld)-  or 
nndy  sl)orc-4!  of  the  shdlcrt-d  Iwjti  iind  csUiancs  of  North 
America,  from  Maine  lo  Florida,  in  Iht  Wcsl  Indivs,  and 
also  on  the  Molucca  Islands.  SlT.,  in  the  fat  East.  7'hc 
body  consists  of  a  vaulted  ccphaioihorax  shaped  like  a 
horse-shoe,  and  an  almost  hexagonal  abdomen  ending  in  a 
long  q>inc.  RurrowinK  in  the  und,  Limutut  ttchcK  it» 
body  at  the  joint  between  cei>halothonu  and  abdon>en,  and 
thcs  forward  with  legs  nnd  spine.  It  tiuiy  alw  walk 
out  under  water,  and  even  rise  a  little  from  the  bottom. 
n  is  a  hardy  animal,  able  to  survive  exposure  on  the  shore 
OT  e>-eii  Kome  freshening  of  the  water.  lu  food  consists 
chiefly  of  worrn.t. 

Ttte  Kiii|;  Ci3l>  it  inlrmlinc  in  iu  ktrucliiK  ■ud  habiu.  aad  abo 
hrcautF  ii  it  ihc  onlv  (iiinij  irprrMiitaii>«  of  an  old  tmct.  Sion  Ray 
I^nk«icr  (lubluhdl  in  iSSi  >  £iinou>  |)i>pa  «nliilcil  "UmuIm  an 
Anchnid,"  it  h*i  Iiccn  f^cnllr.  Ihouifh  nol  unnnxniuu.tly  rEco|[niml, 
that  the  King  Cnib't  fclallanxnip*  itnong  mnilrrn  iiniiiiala  ate  wilb 
AnKhnnjiIra,  not  with  Ciuitacea. 

The  tiuil,  hone-thoc-ihnpcd  ehiliccnit  ccphalalhunoc  tbield  it 
vAuliccI,  bui  ihe  intcnwl  anlr  ii  touch  nwllcr  thu  cnw  wouki  at 
^iVi  liriM  luppotc;  the  wdl-defined  abdomen  •hcntt  kiom  hint  of 
being  i^vlklblr  Into  mrM'  and  meULWina ;  the  loni;  tiuip  <>|iiiK  ix  (llk« 
the  teorpdon'b  ttiiiK)  ■  |>o>l-aniLl  I<l»in. 

On  the  conoitr  iindCT  xufuce  nf  ihr  crpluilullionix.  Ihcrc  are  tix  (ot 
*ev«fi)  pain  oS  limla,  »i  in  ipidcn  and  tccir|non>  i — 

(l)  A  Utile  pail  of  j.jnintod  chelicctw  in  front  o4  and  beat 
imratdi  the  mouth.  (They  are  chelate  i*  the  (male, 
tintplf  dawed  in  the  male.) 

(1-4)  Five  lain  of  6-jnlaA«il  walking  Irp,  the  bMM  of  nhich 
lutiMMHl  Ihe  moulh  and  help  in  mauication.  The  Init  of 
Ihewcndii  in  two-Hal  plai<&  mUtli  help  in  dicing.  The 
Mher  a|ifM«dace*  arc  unuDr  ehehlc^  excejil  Ibc  fim  in 
the  male. 

{y\  Thrsfcillowik  on  ihe  abdomen  a  doiihio  "opcR«luin**o<rer' 
lB|M>l(iglh(  mt.  TVg;titllalaptnuinbeonii(MM«Tior 
uviKe.    Sunx  refer  ihia  opetcoluzn  to  the  ccpfaalothoni. 

(S-IJ)  Undn  Ihe  ojiricututB  lir  6vr  palnof  0at  plalci  InMiac 
(eniatLalik  mpiratc«y  oinni  ("^U  tiooki").  Thete 
•Ffacmbgo  ihirw  hdn(*  of  lite  CK^adtle  and  ndopodlte 
Miiiclwic  (hanctetteic  of  ChMaocaiu.  Ai  aiqr  imie  la 
th«  yoang  tiny  tefre  abo  ••  nrfanMiog  otgaM. 

A*  in  til*  temflitm,  ibm  la  aa  ImctmI  tkritud  Mracinre,  m  endo- 
iVt,  Iftiy  Iwlwaan  ihe  pJlet  and  llie  nerve  ring.  lOving  lor  ihr 
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•llBclwmx  et  miuclak     It  riiouM  Iw  notoil,  howent,  Ihai  m)  unnloipiiH 
tlniclu(«  ncmn  in  ^^>  bihI  tome  otb«t  Cnubtctuu. 

Tit  JVtTTVKs  Sfittm.—'T\tf  ni|]rB-aMoph>ig(Bl  tnain  gii^s  olT  ncrrc* 
(u  ihc  c^ci-  Unilod  to  the  hma  arc  two  ginelional«l  luul  iniurcnclir 
coiuxclci]  ctMiimisnire*  Ibmiing  ■  Idde  <iv«I  ixKiphagaU  rin|[,  p-yiag  off 
nrnrt  (i:  ihi:  IinvlM>  and  cunlinucil  inlo  a  iprnglionatcd  xMomiruJ  rant. 
EMhcathini;  ring,  ventnl  cents,  an<l  tome  of  (he  dccvdi  aie  miinenu! 
blocri  («neV». 

There  are  l«o  "eom|)ound"  rjt*  lyinu  lomtil*  itw  tirf«  of  the 
cqihalothondc  ihicid,  aiid  in  fiDiit  a(  tlicte  two  more  median  simple 
cycL  The  cominund  era  arc  oon-eretl  by  a  lay«t  of  cKilin  conlimicnu 
with  that  at  ilie  •.hii-lil.  and  iho  vaiiMu  eye  clcmcnis  arc  so  tcnwukabljr 

(lulinci  (rom  one  anolher,  thai 
■lie  «ye  iiiij[hl  be  called  a  group 
of  timpJe  eye*. 

?:i<  ^M/Ca>M/.— Worms  and 
■he  like  tciicd  by  Minir  of  (he 
pinoerv.  nrp  partly  nuulkntcd 
by  the  bojci  of  liic  five  tm- 
leriar  cephaloihonicic  !ej[».  The 
moutli  Icsdii  iniu  a  tuctimial 
F^iuynx,  wilh  chilitium  folds  [ 
Ihciicc  the  fore  eul  bend*  np- 
waifli  and  (brwsrdi  into  a  crop. 
Separated  from  (hi*  hy  a  valire 
it  the  mid  cut  wbich  extend* 
alanj;  the  ccphnlcMhoraa  aitd 
alHlriinen,  and  in  ihc  fnnntt 
Ixart  I  wo  loirt  uf  lante  jrllow 
hopain-|Kuicmtic  outgruwtha. 
The  hind  eui  m  ihoit  and  endt 
in  &onl  of  the  ba«e  of  llie  watic. 
Two  latm  leddah  gluxli  lie 
in  ihe  ccpnololluuax,  and  ojien 
in  yaunii  fouM  at  the  bun  of 
ihelifih  appendage*.  Ttioyftbo 
open  internally,  and  imt  be 
compared  with  Ihc  ccoial  ^luidt 
of  niider  and  scarpion,  Wllh  the 
the  11  (;Innd  of  Enlomottinca,  and 
with  ncplmdia  (>). 

T*t  VaKiJar  .ft'*"'™.— The 
heart  lies  within  a  jiericaidiiun 
and  i»  partially  dirtdcd  into 
ci>hi  ehunbm.  with  oghi  ^r> 
olinilvefl  cMb.  Hnnnocyanin  ii 
prewnt  ■«  usual  w  the  icspita- 
lory  jdsmetu  of  tbc  blood,  and  (here  ore  oval  corpusctai  From  an 
Mklenor  aorta,  V!ke  that  of  the  trorpioD,  two  i-owli  are  given  olT  which 
btad  IiKlnmd,  unite  with  lateral  nriciln  from  «u:h  chanilier  of  the 
hewt,  nod  ibnn  a  collalenl  I'cwcl  on  ach  uilc  of  Iho  heart.     TheM 


J-'lo.  I07.  — limuliu  or  Kiiii;  Ctah, 
ft^  Qisliainc ;  tf-,  openulun ; 
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unilo  in  a  ^oMerior  domi  Atlrry.     Fmm  lh«  untoriM  aoni  ivo  other 
bnuicha  onilr  in  a  fing  oioiuiil  [he  nnvr  collar  which  ^va  off  vrmrli 

10  the  limbs,  &nJ  i>  ccmlinutd  Wbwanlt  utiunJ  Ihc  omt  coid.     ¥nm 
Mi'iilWici,  ihc  blooil  ii  ip-'hcrnl  into  v.  vrninil  vctioiu  wua.  *bm« 

11  |H.«<«  lo  ihc  fc*|>i[nl«(y  oi|j^t«  wul  thence  lo  ihc  pcrksRliiim  and 
hout. 

ThaAV^tfrwl^rfOrjniuoicil'  bookk«el!Oiiic  bf  the  bit  li*«  append- 
agn.  Sao)  loolu  like  >  Tpucn  iiliutnl  gill,  at  like  a  book  with  ova  a 
bundnd  hcdiovr  leHvn.  Thrir  TpaMilcc  fbtib  are  rticnulty  wuhod  by 
the  w&lcr,  oitliin  them  the  Uood  flowi.  Tbe  Icatci  of  ihe  sill  boolu 
uc  eompaiKl  la  ihc  ksvn  of  the  lung  bwki  ol  KonloiM.  K  ihb 
haiiiolasy  it  correct  Ihc  gill  bwilu  nre  ev*f^uuioM,  IM  hin|[  booki 
lunKinalinnx,  of  ilx^  dkin- 

Tht  Rt^nitttlm  .Vriff-w.— The  tnalc^t  are  tmaJler  than  Ihc  fenralc*. 
The  le»l«  are  veiy  ililluMc,  the  iw<i  vua  ileferentia  open  on  Ifae  idIctimJ 
■urliLM  cf  ihc  operculum,  aiiil  tile 
>pcrnmloKM,  trnich  tit  vihntile, 
■le  thed  iitio  the  water.  The 
onviu  latin  two  much  bnuiched 
but  conntAcil  uci ;  the  oviilucit 
•n  •rpaiBte,  and  enlnrgc  bcrote 
ihc^  open  btnealh  Ihe  ■>prreulutn. 

hjiawiiing  iKXiit*  in  ilie  tprini; 
■nd  niinmpr  inonlhi.  The  vm. 
Mul  kpenmtoioa  mc  depooitcd  in 
hollovi  nmf  high  water  nu»k. 
Sonw  of  the  tany  •Aa^t,  (A  Ac- 
vtlopmetil.  itlll  imiieifrcily  known. 
piVMilt  mniiiltrahle  i«>en>hl>nce 
tocomtpcaidinit  *t«£ci  in  Uie  •cor- 
pioa.  In  the  Ibitk,  boih  <eph»)i>- 
uweu  end  aUomen  >how  dipu  of 
MBiMtUUlMi,  but  tbeie  illMpixmr. 
Tm  aftne  ■•  rqimmiMl  onlv  by 
■  vtey  (hoft  (ilnie,  and  the  laivk 
]MMM>U  a  ilrikinu  nipetCcMl  re- 
MmlilaiKe  lo  ■  TMoUle. 

ll  atriR*  likely  that  Liiiiului  l«  Ijnkol  l»  Ihc  cxiinci  Eiiryptcrfil*  by 
I  faaail  rami  known  —,  Ilcniiu|»dN,  :{.,  iltmUifU,  BtSmuriu, 


Fio.  108.— YuuBf  limwliifc 
(Ada  Walcoit.) 


Otileis.  euirmRi.fA(HMeroiioinaia),f.f.,  £M73W«rw. 

OlMMlc  mam  (Mm*  tnind  (ron  Ontovlclan  lo  CMbonirnmit  ilnta, 
TW  T)Mly  ll  ihvidrd  bio  hnA,  ihenx.  and  abdemtei.  Tlie  head  b 
Miall  and  nnaccMcnud.  The  ihoian  ia  ecanpoatd  of  lit  lUilinel 
•■IMala,  the  alidimeB  oF  tix  with  a  lermioal  leMn.  vhidi  wm  naaie- 
llWM  ■  polMeil  apint,  toawtian  |iadillr  ibancd.  Tltere  ia,  however, 
mma  doulM  ••  to  the  eaacl  nancndalutc  of  itic  lesioot.  On  the  bend 
He  bunw  th  pain  a(  apmndaset  e4  tRuylne  t.\i*\Ti:,  xma  launl  <em> 
ponwl  net,  mA  t««  nwdkn  oeelU.  On  the  vmind  uuface  a4  itie 
ihuima,  iherc  are  fl«e  pain  of  (Ult  (Ofend  \if  fttt  (dale*,  of  which  ttie 


TIULOBITA. 


most  knlcriof  pair  mc  very  Uuce,  and  fenn  ihe  M-eallod  operculum 
Icf.,  Limuhii].  The  «umce  M  (b«  body  wu  covered  villi  Ksles- 
Soinecifihc  tviiry(i(crUI«f«wbedal«iiglh<iriis  Hki. 

TKit  iirilei  U  nouiRimet  placed  n«>r  Ihe  Cnutana,  but  ihe  gennal 
opbion  t«enu  to  be  thai  which  linki  ihcm  ihrough  Ltmatta  lo 
Anchnoidv 

Order  3.  Txiloiiita.     TriloMtct,  e^.,  Catyuuiu,  nanfii,  AtafJUu. 

Rxlincl  rnrmt  chicd)'  friunrl  in  Cambrian  and  Onlovlcun  t(>*ca,  but 
exivniling  up  lu  Ih?  Cti liunirerou^  The  body  as  found  is  diviuble  into 
Ihree  (aiti. — the  uniet^cnled  hcud  ihicld,  oflen  nrolonged  tackwnnb 
at  the  anglei !  ihe  fle»ibli-  ihoni  of  a  vaiyinfi  numbct  of  x^enti  j  the 
UMopncnlcd  aUIomcn,  or  pycidiuni.  A  median  ImiEiludlnal  lidnc,  or 
raehls,  divide*  the  body  Into  ihice  1on|^[u<tlnAl  jioriiaTu. 

Tneet  of  limbi  are  only  rmntly  prmcrvcil.  In  Ihc  head  region  Uiere 
ate  four  fuTv,  apmiet>ily  nmple.  Anlenna:  have  lieen  tcocnlly  foiinil 
in  this  ivgion.     Tne  iborax  and  abdomen  were  furnished  with  buamoM . 


FlO.  t09-— Vertical  cTOBBMKtion  of  a  Trilobile,  Cafy 
(After  Walcott.! 

L,  Intoiina :  «-.  4ii«1fl ;  Z-,  vridopadita ;  r,,  cvopvdile  i 
t.,  tpt^M  l/artu 

■pMnilaget  wlUi  long  jointed  cndap»diie,  than  nopodlte,  and  a  g^\i  (or 
^iwdile  ? )  uf  varying;  iilu|>e.  In  tbc  alidomiaal  region,  the  plla  veto 
penupt  ruilimenury. 

ThIubilH  oie  often  founil  railed  up  in  a  way  that  lemindi  one  of  aomc 
wood  lice.  So  abuniiani  are  they  in  some  rockt  ihnl  even  their  develop- 
ment Ixiu  licen  iiludicd  with  lome  luccco. 

Thr  liiiiU  s«ni  to  be  more  like  those  of  Cnuuccttnt  than  ihoM 
cif  ArwhiiDidi,  und  the  rcrenl  dltcovei^  of  uilcnn«  accentnatei 
the  ftscmbloncc  1  Iml  the  nurki^l  nDinilu-s  wilh  /.imu/ui,  acconi' 
ing  lo  Ihe  viewi  uf  niml  authoritiri,  jiulify  llir  (xinliiliml  iiMn- 
dation  wilji  Anchnoidi.  It  is,  perhapt,  dkhI  Wical  lu  rq^d 
TriloMiet  a*  on  offthool  (ram  a  Mock  aooestn,!  lo  ijoih  Anchnindt 
and  CnuCaceann. 
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Inarta  Sedit. 
Pantopoda  or  Pycnooonid*. 

These  are  marine  Arthropods,  sametiraes  oiled  sea  spiders.     Ttaeit 

affinities  arc  uncertain,  but  perhaps  they  may  be  ranked  between 
Crustaceans  and  Arachnoids.  Many  climb  about  seaweeds  and  hydroids 
near  the  shore,  but  some  live  at  great  depths.  The  body  consists  of  an 
anterior  proboscis,  a  cephalothoracic  region  with  three  msed  and  three 
free  segments,  and  on  unsegmentcd  ludimentaiy  abdomen.  In  most 
there  are  seven  pairs  of  appenda(;es,  into  five  of  which  outnowths  of 
the  mid  gut  extend.  The  sexes  are  Mpaiate,  and  the  males  usually 
carry  the  eggs  attached  to  the  third  pair  en  appendages.  The  laiTEe  are 
at  first  unscgmented,  with  three  pairs  of  appendages. 
Examples  : — PymegaHMm,  Nympkvn,  Ammetkea, 


CHAPTER    XVI. 


MOLLUSCA. 


Cluw*  I.  Ampkisrura— A  iraall  claas  of  bilnicrallj-  lymmclricnl 
(ortoi,  t.g.,  CAilm.  i,  (JA>Tiilt01'0I>*, f^.,  Snnilv  J.  Slaiiio- 
VQtt*.  —  A  iituill  clatK.  of  whidi  Ihc  bcM  known  li  Dnita/imH. 
4.    LAMKU.IDKANCttlATA— Hlmlvck      5.  CkPHAIjOPOHA— Culllc- 

Thk  series  of  Molluscs  stands  in  marked  conlnst  to  that  of 
Arthropods,  for  the  body  of  ihc  Mollusc  i§  un segmented, 
and  th«rt  are  no  appcndaKca.  The  general  habit  of  life  is 
also  very  diffetent,  for,  althouKli  ihtre  are  active  Molluscs 
and  slug^ixh  Arihroiwds,  it  i«  inn;  as  iin  average  xtatement 
that  Molluscs  arc  sluggish  and  Arthropods  nctive.  Though 
the  pedigree  is  unknown,  there  does  not  seem  to  be  any 
possible  ancestry  for  Molluscs  less  remote  than  the  slock 
froni  which  Turbellarians  and  other  uns^^menied  "  worms  " 
have  itprung. 

Gkhrkal  CnAkACifi»s.— AM/uia  an  unsejimtHteJ  and 
mtlumi  app<nda^%.  Tk(  tymmttry  it  /umlamtntalfy 
Hlattntl,  but  this  if  lost  in  mast  Oasterofiods.  The  "foot " 
— a  musfutar  prolruiioH  of  the  ventral  surfact,  is  vtry 
eherofteriiiic ,-  it  usually  serves  for  loeometion,  but  is  muik 
mpJifitd  aecording  to  habit.  Ty/iicalfy,  a  projteling  dorsal 
fold  of  the  i'iidy  n'all forms  a  mantle,  or  /allium  (J^i^.  iio,^.), 
which  often  sterttet  a  single  or  bilobed  shell  eoreritig  the 
visftra  :  but  b-^th  maulk  and  shell  may  be  absent.  There  art 
three  thief  pairs  of  gangUa^eerebrah,  pedals,  and  pleurals, 
with  ttinneeting  commissures^  and  often  nrith  aeeetsoty  ganglia, 
tsfeeially  two  viseerals  on  a  hop  eanneeting  thi  pleurals 
{/"tgs.  no,  it8),  Exaft  in  Lamellibranihs,  in  whieh  the 
head  region  is  degenerate,  there  is  in  the  mouth  a  ehilinaut 
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rihb^H  or  radula,  uuia/ly  hiring  tiumennis  sma//  tttlh,  and 
meotd  fy  sptaal  muuki,  the  wkoU  stmilurt  Mng  known  at 
Iht  edOHtephort.     A  pertion  of  the  trttt  body  atvity  or  iaiomt 


an 


Pic  iio.— Idea!  Mollutc.    (AAcr  Kay  LAxKunta.) 

M^.  Months  j^f.^rTffbnlu'ictix:  £..cd^n  of  mangle  hkin  ;  a^-, 
duct  M  rifliL  dixAirtt  Kl^nd  ;  *,<  frrkAMkAl  cAvtiy  ;  y-,  td^t  M 
»1hU  lac:  C-.  vwiEiiclp  of  bnul,  »',  ncpbrlrtiuni :  ««..  *au&;  «»» 
potieHnr  {An  af  lU*  fii>oi ;  /■»  ofpvhing  «  irtphridium  ;  A.,  ctnlial 
*p(nuK  :  x^  .  tbdanin*!  tanalWo  onibunl  kop:  f.».,  vhcnl 
(UiuHdh  ;  >./.,  Itft  tllivumsliind:/.,  rnoi:  /'jlr^  pKUil  (•oalien  I 
^^,  plcunl  cwiitliaA- 

utuatly pertiili  as  the  peruardium  al Itutt  {Fig.  no,  i.),  <7»rf 
(ommunicatti  with  Iht  txttriar  IhroHgk  thi  ntphridinm  or 
ntpAridia.       ITte  vasMlar   sytitm  is   aimoil  ahoayt  xvtU 

'  <^    S 

I'm.  III.— Sufca  b  UoIIU)««n  ilcvclopmcnt. 

D.I  \xrt%  of  HDC«r>|»d  (aftar  Gr^nbAifr);  t4-.  thtll  oivannc 
vhcmJ  buinp ;  t^.  •rlum  ;  f..  root, 

iT..  lam  M^  Allium  (ifin  (K^ciihinu};  r.,  viluia:  i4.,  thctli 
>C,  fbbl  1  *f..  ppnrculum. 

dtvtlaped,  hut  part  of  tkf  cireHlaltoH  is  in  moil  eaia  through 
Hi  defSiud  spaat  or  laeuna.  Respiratory  organs  art  most 
ty/iti/fy  represtnttd  by  a  pair  tf  tsum/ar  proctsia  ef  tJk 
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bodty  wall  (rttiidia  or  gilii),  imt  <Mie  ar  hatfi  of  Iheie  may 
h  aiimt.  Al  t/u  hast  of  tht  gi/lt  Ifurt  is  gtneralfy  an  eljat- 
*wy  organ  or  osphradittm.  J-'rt^utntfy  there  are  two  tarval 
StagfS,  the  Tro<hotfhert,  wkuh  resemb/es  the  samt  stage  in 
some  AnHeiids,  anj  the  more  (hara<ierislk  Veliger;  but  the 
daxlofment  is  often  direct. 

OaHM  I-  Amphineura. 
Syn.  Gastkkopoda  Isoplbura,  e^..  Chiton. 

CiENKRAL    CharacttrkS 7^  Amphineura  are    marine 

Atnllntis,  tnort  or  less  elongated  in  form,  with  bilateral 
tymmttry.     They  art  often  ranked  along  with  Gasteropods. 

The  mouth  is  anterior,  the  anal 
and  nephridial  apertures  art  pos- 
terior. The  mantle,  which  hears 
cuti^Hlar  spieulesy  covers  at  least 
a  great  part  of  the  body.  Tite 
nervous  system  consists  of  a  cere- 
bral eummisiure  and  tuv>  paired 
longitudinal  eords,  with  ganglionic 
cells,  hut  at  most  veryjeeble  ganglia, 
tvhiih  run  the  whole  length  of  the 
body.  Of  these  paired  cords  the 
pedals  art  connected  by  numerous 
cross  commissures,  and  the  rv>- 
eerals  or  palliali  are  united  pos- 
teriorly by  a  commissure  above  the 
rectum.  The  bilateral  symmetry  is  shown  internally,  e.g.,  in 
the  paired  nephridia,  auricles,  and  genital  duets,  the  class  is 
of  antient  origin,  dating  from  the  Silurian.  There  art  tree 
orders : — J'olyplacophara,  e.g.,  Chiton,  and  Aplacophera, 
e.g.,  Ncotncnia. 


Pig. 


II. — CKhoii. 


(AOct 


lU  Order  of  AtiniiKKURA,  Poi.vn.ACOPM0KA  (ChiioniiW). 

The  mcmlvri  of  Ihit  onlcr.  rcpretcnlccl  un  Ilrillth  oouix  by  Bcveral 
>i<ccic>  if  CAitfiH,  att  KliiQ^h,  u*i>iill<r  vq^iariiui,  aninijil*,  oocuirnie 
tfCUD  Ulc  Uiarr  lii  Great  Jciilhi.  I'lic  ftnil  a  ifEnrrallj'  M  loiic  iu>  ihe 
bodv:  IliT  numllv  covers  Ihc  back  niiiJ  bc«isci|;liisMI  plat(i{t'i|!.  na), 
[WIMntcd,  ill  nuny  catci  ai  Icoit.  by  numcioui  u-niory  orgiuis  Hhicli 
nuy  br  in  put  oplic ;  numcroui  silJi  tic  in  a  rt^lu  row  nlons  >  gmmt 
un  OKh  tiJc  between  Ihc  nuinllc  and  ili«  Tuot. 
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In  mtHt  enwi  Ihc  eighl  ihellplalci  Rrc  )olnic<1  on  one  utolhcr.  and 

thr  Hniiiiul  cjn  mil  ittr^li  uji.    Tno  uncmf icil  -^anx  oi  the  inanllc  bcaj 
hjiii^ilc^     Uxn^lin,  in  llic  Mrict  atnic.  iirv  brarccly  ilctclnpcd,  htl  then 

cord*  extend  backwank  along  Uic  whole  lei^h  of  the  body. 
ore  no  ipeciiU  xtise  r>iffm%  on  the  head,  which  it  but  ilightiy 


'f- 


Fi«.  113.— DornU  Tit* 
(if  iicn'Oin  nrtlem  of 
Cliiiun.     (AIi«i  Pxl- 

(.,  Ccnlml  eemmiuun  I 
f.,  cm  (abo*4  bM  lb*  e«in- 
ruuaurT*  vHK^  cmtvm]  umI 
Hipn^cctal);  /«.«palliiU  oi 
vlvcwnl  loop  wiib  mipia- 
rtcul  coiBirJiHm  U''-<0: 

e.i  fKd*l  ncrva  uniUil 
f  ngmnout  ininvm* 
bnncha ;  i^ •.  iiiuuim- 
Bulric  conmiwrtin ;  t^n* 
(utmulubr  mowiliiinrt;  /., 
laUal  <ominiBun;  »..  vt*> 
carol  cofnnii>»iin> 


V-^ 


Hg.  1 14.— Ptoncomcnio.    Ncr* 
voui   lyilcm      (From    Hdi- 

HiCIIT.) 

c^.,  Cenbnl   RWRlii;  (^^  bA- 
I1d(u*1  1  a-Af-.  inwiMf  IM^I  ;>/^, 

«ra)«  ;   >/-,   luUuif  lul   <n(inaci(i«B ; 


[oiVEiluiUunI  (Mil  ntm;  Ac.  looti- 


i  laHraJ  namt. 


.  lliflerclilialeil :  Iml  ihc  initial  Mmc  or(;>nt  ate  iitiinlly  niinirrnuii  uiil 

'  varieil.      A  (wiilnJ  giil  iuih  ihtough  ihe  Iwrly,  Mimniii'tcrl  hy  >  iltiru.te 

Dative  Hiuid.     Thcrv  i*  a  nulula  ia  the  nuHith,     I'hc  ht-ui  is  median 

Ld  uoaldiot,  and  conuat*  of  a  ventricle  and  z-S  a,uriflct.     NumcnHu 

rgOblls  In  a  "Cnlai  rowalonB  a  groove  on  each  >idc  bet  men  llie  manlle 

and  the  foot.  There  an:  two  nynuncirioil  ncplitidia  aliening  poMeriocljr. 


GASTEROPODA. 


«7 


The  iTHt  art  icinratr ;  •  ungli-  tcprorluclii-r  organ  riicndi  docMltjr 
bctwrvm  gut  aniJ  iniuliiu;  almoti  ihi-  <ihi>lc  Icncili  of  ihc  body  I  ihe 
B«niliil  duels  are  |«iicil  and  «pett  posteriorly  in  (lonl  of  the  cicrcloiy 
DpeMurd.  The  ova  Kith  chJUnous  «piey  dicllii  oic  utually  leuincil  Ua 
•one  time  \tf  the  (cnmte  heiwcen  ihe  nuntl*  and  Ifac  gIBi.  The 
iq[inenlalkni  Vk  hoIuliLwiiiL-.  nnJ  a  t^iub  b  fonnml  ty  lava^nwtiou. 

ind  Order  of  A\ii-iiiNtii-RA,  Ait.Aroi-iioRA,^^.,  ^ivsMwiIa, 
I'miiamaiia,  mil  C'A.r/Wmni. 

The  mrmbctt  of  ihiv  unler  an:  vrurm-like  animals  >"  which  ihc 
RiMille  ciiTcIop*  Ihc  whole  bodir  and  bean  numi-raui  iipicuics  bui  no 
thcll.     There  air  Iwo  fiunJliei.  NeotncnBdjc  and  Chn^ndeimida;. 

or  Nnnaeoiiilx,  m  genera  m  known..  They  hntv  a  lonsiludiDal 
pedal  Bmoire,  an  ietotine  wiihoul  divinct  iliemivr  gland,  two  ncphridk 
with  a  conunon  aperlnre,  uiil  hennnjihrndhi-  rvgirinliictli'e  oiji^n*.  Tile 
Chietodermidwi  r<'|in'^K'nic<l  liy  uiic  Kcmiii  Ck-tit\{/rma,  aic  cjrUnilrlral 
jn  foRK,  wilhiiut  II  piylil  c'wwir,  with  4  nululn  beaiing  one  lonlli,  with 
a  dittinci  iltceMi\Y  gland,  xnd  with  two  ne]ilirlilia  ojvnini;  teparatrly 
intu  a  poolenof  cavity,  which  also  conlaiiu  two  i^IIl  Tm  sexes  He 
■efnratc. 

'I'hvre  sc«tu  10  be  more  than  merely  superficial  resemb- 
lances between  thc&c  siin|ilc  Molluscs  and  such  worm 
tyjies  AS  TurlK-llaiians.  Ii  !ii.-enis  justifiable  to  tpealc  of  the 
Am[ihiiieuni  a*  pHrnilivt:  Molliiics,  but  the  Aplacophora 
3.K  j>crhap!i  rather  dcgencinic  than  primitive. 


Class  II.     GAsrsKoroDA.  (.g..  Snail,  Whelk,  Limpet. 

Gbkeral  Characters.— CiffftniiWx  art  mart  or  las 
asymtmtrkal  Molluitt.  The  keitd  rtgimt,  w*uA  is  uftff 
deBtlcftd,  remaini  symmttrital,  and  to  ^s  Ihefaot,  wAith  is 
typitalfy  a  ftal  crtefing  firgan.  Bui  Iht  tiisnral  matt  er 
mtt»p,  wilk  its  mantlff&idy  is  tnort  or  Itss  twisUd  farxpardl 
and  to  Ihe  right.  Thus  iht  ftallial.  anal,  lufikridial,  and 
gtmtat  aftrturts  usually  lit  on  the  right  sidt,  mort  or  las 
anlrriorly.  A  furlhtr  asymmttry  is  skovBu  by  iht  tjxristiHg  </ 
the  morpkoliigieatly  right  gill  to  Ike  It/I  side,  whilt  Iht  original 
ie/tgill  is  uiuallv  lost.  Similarly,  ont  of  Iht  nefhridia,  pro- 
hahfy  thai  nrhith  if  morphdogiatlly  the  /eft,  tends  to  disapfear^ 
and  in  moil  eates  only  one  periists^lopographitally  on  the  /(/> 
tide.  Tht  main  torsion  must  h  distingnishtd  from  the  spiral 
twisting  tt'Aiih  the  visceral  Anmp  ofttn  exhibits,  and  from  the 
frtqnrntty  asSiKialtd  spinif  eniUng  of  tht  untvaht  shell. 
Afmvocer,  a  su/trfieial  iteottdary  bilaltral  symmetry  lends  la 
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he  aequired  ly  fret  swimming  forms,  e.K-,  Htler^pods.  The 
foot  usually  tonlains  a  muais  glanJ,  ana  lends  to  be  divided 
xittD  Ikrte  rt^orn — iJU/iro-,  mfsct-,  and  nKta-fodium.  There 
is  a  siifgit  rtproduclivt  organ  and  genital  dud. 

A  lype  of  Gasteropoda — The  wiail  {HrJix). 

Mode  of  Life. 
The  common  garden  aiiail  {//.  ai/vrsa)  and  its  larger 
neighbour  species  (//.  pemaiia),  rare  in  England  bul 
almndam  on  ilie  (rontincnt,  ate  so  like  one  another,  except 
in  size,  thai  [he  Kiine  descriptiitn  will  servu  for  lioth.  They 
arc  thoroughly  tcrrcslrial  animals,  breathing  air  directly 
through  a  pulmonary  chamber.  Tbcy  drown  (slowly)  when 
rninicrscd  in  water.  Their  food  consisls  of  leaves  and 
Other  parts  of  plants,  but  they  somctiints  indulge  in  strange 
vagaries  of  appetite.  They  are  hermaphrodite,  but  tlieir 
sexual  relations  are  by  no  meanw  simple.  The  hrevdinj; 
lime  is  spring,  and  the  eggs  are  laid  in  the  ground.  In 
frinicr  snails  bury  themselves,  usually  in  companies,  cement 
the  mouths  of  their  shells  with  hardened  mucus  and  a  little 
time,  and  fall  into  a  slate  of  "latent  life"  in  which  the 
heart  beats  feebly.  In  such  a  state  ihcy  have  been  known 
to  survive  for  years. 

General  Appearame. 

A  snail  actively  creeping  shows  a  well  developed  head, 
with  two  pairs  of  retractile  horn.t  or  tentacles,  of  which  the 
longer  and  posterior  bear  eyes.  Tlie  fool,  by  the  muscular 
contnLctton  of  which  the  animal  creeps,  is  very  large;  it 
leaves  behind  it  n  trail  of  mucus.  The  viscera  protnide, 
as  if  niptured,  in  a  dorsal  hump,  which  is  spirally  coiled  and 
protected  by  the  spiral  shell.  On  slight  provocation  the 
the  animal  retracts  itself  within  its  shell,  a  process  which 
drives  air  from  tlie  mantle  cavity,  and  thus  promotes 
respiration.  Around  the  mouth  of  the  shell  ts  a  very  thick 
mantle  m-irgin  or  collar,  by  which  the  continued  growth  of 
the  shell  is  secured.  On  the  right  side  of  the  eiqunded 
animal,  close  to  the  anterior  edge  of  the  shell,  there  is  3  large 
aperttue  through  whicli  air  passes  into  and  out  of  the 
mantle  cavity.     Within  the  same  aperture  is  the  terminal 
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OpeninfC  of  the  ureter.  'I'hc  food  canal  t^ds  slightly  below 
and  to  the  right  of  tho  pulmonary  aperture.  All  the  three 
openings  are  close  logethcr.  The  anterior  term t nation  of 
ureter  and  food  canal  is  one  of  the  results  of  the  Iwimin)-  of 
the  visceral  mass  forwards  to  the  ri)thL  Bui  Mill  further 
forward,  at  the  end  of  a  xUght  groove  whidi  rura  along  the 
right  Nide  of  the  neck,  indeed  quite  clo«e  to  the  mouth,  is 
the  gi:nii.-il  .aperture  IjiMly,  an  opening  just  beneath  the 
mouth  leads  into  the  large  mucus  gbnd  of  ihe  foot. 

Tht  SAe/i. 

The  shell,  a  right-huided  spiral,  is  a  cutJcular  product  made 
and  periodically  enlarged  by  the  mantle  niar^in.  Chemically 
it  consists  of  carbonate  of  lime  and  an  organic  basis 
(conchiolin).  The  outermost  layer  is  coloured,  without 
lime,  and  easily  rubbed  off:  the  median  layer  is  thickest, 
and  looks  like  porcelain ;  the  innermost  layer  is  pearly. 
The  twisted  cavity  of  the  shell  in  continuous,  and  the 
viscera  extend  to  the  uppermost  and  oldest  part. 

At  ihc  ■hull  i«  (-ladually  maAt,  llic  inntr  hiIU  of  Ihe  coik  form  a 
csniral  pillai  (columella |,  a>  on  a  tlniicsM^  anil  to  this  tlie  animn]  it 
iKHiod  hjr  a  ■inmi;  (ralumcllai)  muscle.  Miny  CaAkropodt  bvor  a 
hornlike  ihell  lid  (opcrculuml  on  iheir  foot,  hut  //t/ii  hu  none ;  the 
"cpiphra){m "  with  which  the  (licit  is  Kalevl  in  winter,  eoniiiti  of 
tisnlenctl  muciu.  plut  phMphale  and  a  iinutier  quonlily  of  cailionnle 
of  lime.  Il  a  formed  veiy  quickly  frnm  the  oollkr  region  when  colli 
weather  »cl<  in,  has  no  orjliinic'  connrclioti  with  the  Hnimal,  huch  hi 
biniU  In  opttciilum  to  the  foot  of  Ihc  whelk,  and  i«  loosened  olf  in  the 
auldacu  d  spring. 

RxUmal  Afpearaiue  after  the  Stuli  is  Rtmotitd. 

If  the  shell  is  removed  carefully,  so  that  nothing  is  hrolcen 
except  the  cotumcllar  muscle,  many  structures  can  be  seen 
without  any  dissection.  The  skin  of  thi  bead  and  foot 
should  be  contrasted  (a)  with  the  thick  collar  of  the 
mantle;  (b)  with  the  loose  roof  of  the  mantle  or  pulmonary 
chamber;  (c)  with  the  exceedingly  delicate,  much  stretched, 
and  always  pnilected  skiti  of  the  vitceral  humji  It  is 
importint  to  realise  that  the  snail  hai  an  "enlargement  of  the 
liver"  and  a  great  rupture-like  hump  of  viscera  on  the  dorsal 
surface,  that  this  has  been  coiled  spirally,  and  that  there  is 
the  yet  deeper  torsion  forward  to  the  right. 
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A  gnat  part  of  the  hump  consisls  of  thv  grccninh  brown 
digestive  gland,  in  which  the  bluish  intestine  coih  behind 
the  mantle  chamber ;  on  the  left  lies  the  triaiiguUi  and 
greyish  kidney :  the  whitish  refrodticttve  organ  lies  in  the 
second  liut  and  third  Liki  cod  of  the  spinil. 

TfK  Skit. 
The  skin  varies  greatly  in  thickness.  It  consists  of  a 
uncle  layered  eptdennis  and  a  more  complex  dermis, 
including  connective  tissue  and  muscle  fibres.  There  are 
numerous  cells  from  which  nincu.i,  pigment,  and  lime  are 
secreted ;  those  forming  pigment  and  lime  are  especially 
abundant  on  the  collar,  where  they  contribute  to  the  growtn 
of  shell. 

Mmmlar  System. 

The  mo«l  impnriaiii  muicles  arc — (o)  those  of  the  foot; 
(^)  those  which  retnict  the  animal  into  its  shell,  and  are  iii 
pan  iituiched  to  the  columella  ;  (c)  those  which  work  the 
radula  in  the  mouth;  (i/)  the  retractors  of  the  horns;  and  (c) 
the  retractor  of  the  penis,  llic  muscle  fibres  usually  appear 
unitriaied.  There  is  much  coniiective  tiuuc,  some  of  the 
cells  of  which  contain  glycogen,  pigment,  and  lime. 

Ntrvou$  ^sttm. 

This  is  concentnued  in  a  ring  around  the  gullet.  Carcfiil 
examination  shows  that  this  ring  consists  dorsatly  of  a  pair 
of  cerebral  ganglia,  connected  vcntralty  with  a  |iair  of 
pedala  and  a  pair  of  pleurovLtceral*,  which,  according  to 
tome  aulhoiilics,  have  a  median  abdominal  ganglion  lying 
between  them  (Mg.  ii8). 

The  cercbrab  give  off  nerves  to  the  hcati,  t^.,  to  the 
mouth,  tentacle^,  and  otocysts,  and  also  two  nerves  whicli 
run  to  a  pair  of  nnall  buccal  ganglia,  lying  beneath  the 
junction  of  gullet  and  buccal  niais.  The  pedals  give  off  nerves 
to  the  foot,  the  viscerals  to  the  mantle  and  posterior  orguu- 

Sente  Organs. 

An  eye,  innervated  from  the  brain,  is  situated  on  one  sMe 
of  Ihc  tip  of  each  of  the  two  long  horns.  It  is  n  cup 
invaginated  from  the  epidermis,  lined  posteriorly  by  a  single 
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laver  of  pigmented  and  non-pigmented  reiinal  ceils,  filled 
with  a  cu:ar  vitreous  body  perhaps  t.-(iuivnlcn[  to  a  lens, 
and  closed  In  front  by  a  transparent  "com^ra,"  and 
L arrengthencd  all  roimd  by  a  firm  "selenitic."  How  much 
a  snail  sees  we  do  i>ot  ktiow,  but  it  detects  swift  move- 
ments. Thou^  the  vyc  w  by  no  means  Tery  simple, 
the  snail  soon  makes  another  if  the  original  l>e  Wi,  and 
this  process  of  r«gcncration  has  been  known  to  occur  twenty 
times  in  succession. 

Tlie  otocysts  appear  as  two  sniall  white  spots  on  the  pedal 
ganKlia.  Kach  is  a  sac  of  connective  tissue,  lined  by 
epithelium  which  is  said  to  be  ciliated  in  one  region,  contain- 
ing a  fluid  and  a  variable  niiml>er  of  oval  otoliths  of  lime, 
iitneivatod  by  a  delicate  n«vc  from  the  cerebml  ganglia. 

Though  no  osphradium  or  smelling  patch,  compamhle  to 
that  which  occurs  at  the  base  of  the  gills  in  most  Molluscs, 
has  been  di.tcovercd  in  Helix,  the  snail  is  repelled  or 
UOacted  by  odount ;  it  shrinLs  from  turpentine,  it  smells 
strawbem'cs  from  afar.  This  xcnsv  of  vmcll  seemti  to  t>e 
located  in  the  horns,  for  a  dishorned  snnil  has  none-  ITie 
tips  of  both  pairs  of  horns  bear  sensory  cells  connected 
with  ganglionic  tissue  and  nerve  fibres  within. 

Other  sensory  cells,  probably  of  use  in  tasting,  lie  on  the 
lips ;  and  tliere  are  many  otherK,  which  may  be  exiled  tactile^ 
on  the  sides  of  the  foot,  and  on  various  parts  of  the  body. 
In  short,  the  snail  is  diffusely  sensitive. 


Alimenlttry  System. 

The  snail  files  the  leaves  of  pbnls  by  means  of  the  radula 
or  toothed  ribbon  which  lies  in  the  mouth,  and  it  graspi  the 
debris  with  its  lipe. 

The  radula  is  a  long  strip  of  membrane,  bearing  several 
longitudirul  rows  of  minute  chitinoid  teeth.  It  rests  on  a 
canila^nous  )iad  on  the  floor  of  the  mouth  cnviiy,  and  is 
moved  (backwards  and  forwards,  and  up  and  down)  in  a 
curves  by  protraaor  and  retractor  muscles.  The  whole 
ftppsmtus,  including  radula  teeth,  membrane,  and  pad,  is 
called  the  odontophore.  The  radula  wears  away  anteriorly, 
but  is  added  to  posteriorly  within  a  radula  sac  which 
projects  from  the  floor  of  the  tniccnl  cavity.     Il»  aaion  on 
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leaves  may  be  compared  vcrjr  roughly  to  thai  of  a  file,  but 
its  movements  within  the  mouth  also  produce  a  kind  of 
suction  which  draws  food  jiarliclcs  inwaids.  In  this 
Miction  the  muiwiilnr  hp»  and  tlic  dtia  in  tlie  mouth 
cavity  iiKtist. 

Altogether  apait  from  the  radula,  lying  on  the  upper 
surface  of  the  buccal  chamber,  sometimes  visible  vhen 
[he  snail  opens  its  mouth,  is  a  hard,  cfcsccnt  shaped  jaw 
plate. 

The  ducu  of  two  large  salivary  viands  open  on  the 
dorsal  surface  of  the  buccal  cavity,  and  there  are  numerous 
distinct  glandular  cells  close  to  the  entrance  of  the  two 
ducts.  The  salivary  glands  arc  large  lobcd  structures, 
and  extend  far  backward  on  the  crop,  They  consist  of 
hundreds  of  f;landular  cells  or  unicellubr  KUtid.i,  which 
sLfrrete  a  dear  fluid  stuff.  This  travels  up  the  Jucls,  and 
it  forctjd,  in  pntt  at  least,  by  muscular  compression,  into 
the  buccal  cavity.  While  some  say  that  this  fluid  converts 
starch  into  sugar  (after  the  usual  fashion  of  saliva),  oCbia 
authorities  deny  that  it  lia.t  any  effect  upon  tl)e  food. 
Similar  glands  are  found  in  all  GaMifropod.t,  while  Ihcy 
are  entirely  absent  in  Uimelliliranchs.  In  nome  boring 
Gasleropods  the  secretion  contains  2-4  [}cr  cent,  of  free 
sulphuric  acid. 

The  gullet  extends  backward  from  the  buccal  cavity,  and 
expands  into  a  storing  crop ;  thiit  is  followed  by  a  stomach 
surrounded  by  the  digestive  gland ;  thence  the  intestine 
extends,  and  a^er  coiling  in  the  visceral  hump,  passes 
forward  to, end  on  the  right  side  anteriorly  b»tue  the 
respirator)-  aperture.  The  digestive  tract  is  muscular,  and 
in  part  ciliated  internally. 

A  large  part  of  the  visceral  spiral  is  occupied  by  the 
■o-called  "  liver,"  a  digntive  gland  of  many  quaHties, 
producing  juices  which  digest  all  kind*  of  food,  making 
glycogen,  storing  phosphate  of  lime-,  and  containing  a 
greenish  pigment  called  enlcrochloruphyll.  It  is  possible 
thai  the  phosphate  of  lime  may  be  used  to  form  the 
autumnal  cpiphragm,  but  the  most  important  fact  is  that 
tlie  gland  is  more  than  a  "liver,"  more  even  than  a 
"  hepato-pancreas,"  it  is  a  complex  digestive  gbnd,  pro- 
ducing several  digestive  fennents. 


VASCVIAK  AND  KBSI'IRATOHY  SYSTEMS.       jjj 


Vatdtlar  ^tttm. 

I'hc  blood  of  the  snail  contains  some  colourless  amixbc^ 
cells,  and  a  respiratory  pigment  called  liiemoc)*Aiiin,  which 
gives  the  oxidised  blood  a  blue  tint,  and  is  very  common 
among  Molluscs. 

The  htMri,  consisting  of  a  ventricle  and  an  auricle,  lies 
vithin  a  pericardial  chamber  on  the  dorsal  surface,  to  the 
left  side,  behind  the  manlic  cavity. 

From  the  ventricle  pure  blood  flows  by  cephalic  and 
visceral  arteries  to  the  head,  foot,  and  Ixidy,  paases  into 
fine  ramificalioris  of  these  arteries,  and  thence  into  spaces 
among  the  ti^sueit.  Authorities  differ  ,-is  to  the  existence  of 
capillaries,  but  the  distinction  between  these  and  narrow 
channels  is  of  no  physiological  importance-  l-'rom  spaces 
among  the  tissues  the  blood  is  collected  in  larger  venous 
spaces,  and  eventually  in  a  pulinoiiar)'  sinus  around  the 
mantle  cavity,  on  the  roof  of  which  there  i^  a  network  of 
vessels.  There  the  blood  is  purified.  Most  of  it  returns 
directly  to  the  auricle  l>y  a  large  pulmonary  vein,  but  sonic 
passes  drsi  through  the  kidney. 

Rtspiratory  Syitem, 

Most  Gastcropods,  <Xi  the  dog  whelk  {Purpura),  the 
buckie  {Buuinum),  the  periwinkle  (f,il/orimt),  breathe  by 
gills  coveted  over  hy  a  fold  of  the  mantle.  Tlie  snail  being 
entirely  terrcsliial  has  n  pulmonary  or  lung  cavity,  formed  by 
the  mantle  fold.  On  the  roof  of  this  cavity  the  blood 
vessels  are  spread  out.  Air  passes  into  and  out  of  the 
pulmonary  chamber  by  the  rcspiratorj-  aperture.  When  the 
animal  is  retracted  within  its  shell,  the  freshening  of  the  air 
in  the  pulmonary  chamber  takes  place  byslowdifTusion,  but 
when  the  snail  extends  itself  at  full  lengtli,  the  chamber  is 
rapidly  filled  with  air,  and  it  is  even  more  ra|>idly  emptied 
when  the  animal  withdraws  into  the  shell  again. 

E.xfreti>ry  System, 

There  is  a  single  triangular  greyish  kidney  betund  the 
puhnonar)'  chamber,  between  the  heart  and  the  Tectum.  It 
IS  a  sac  with  plaited  walls,  and  i-Krreles  nitro^nous  waste 
products,  which  pass  out  by  a  long  ureter  running  along  the 
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right  side  of  th«  MilmonafT  chamber,  and  opoUng  dooe 
beid«  Ibc  anuv  From  two  soutcitc  the  kitlnejr  u  Ripplted 
with  Mood  (a)  from  tt>c  pDlnonary  chamlNrr,  nnd  (4)  froin  the 
heart  by  a  kxoX  aneiy.  As  in  most  other  MoDoscs,  the 
kidney  commumcaics  t^  a  small  aperture  wiib  that  put  of  the 
body  cavity  which  fornis  ihe  pericardtal  sac.  Thus,  as  in 
earthworm,  lobwom,  &c,  the  cteJome  has  a  nephridial 
connection  with  the  exterior. 

Reproduethx  System. 

The  snail  is  hermaphrodite,  and  its  reprodticttve  oi;pDi 
exhibit  much  division  of  labour 

{a)  The  essential  reprodtKtivc  organ  (the  ocHrstis)  n  a 
whitish  body  ne^r  the  apex  of  the  visceral  spire.  It 
contiits  of  numerous  cyUridrica)  follides,  in  each  of  whkh 
both  ova  and  spermatosoa  are  formed,  but  not  at  the  sanw 
time  SimuttancouN  formation  of  elemcnta  so  diiTerent  is 
probably  very  rare. 

{6)  A  much  convoluted  htrmaphreJite  duet  of  a  white 
colour  conducts  the  sex  cells  from  the  ovotestis,  and  leads 
to  tltc  base  of  a  large  yellowbh  albumen  glai>d. 

(f)  I'hi.i  lonfjue  shaped  aliiimen  aland  varies  in  sixe  with 
the  age  and  texual  state  of  the  snail.  It  forms  gelatinous 
proteid  nutcnal,  which  envdo|»  and  probaUy  nourishes 
the  ova. 

(i^  The  ova  and  spcrmaloioai  pass  from  the  hcrmaphrpdite 
duct  towards  the  head  along  a  fommon  duct,  but  not  at  the 
same  time.  Moreowr  their  paths  are  different,  for  the 
portion  of  the  duct  down  which  the  wa  travel  is  much 
pbiled,  while  the  path  which  the  spemnaiotoa  follow  is  a  less 
CKvmiiient  (groove,  incompletely  separated  from  the  other. 
Both  paths  are  glandular,  and  the  glands  on  the  mile  side 
are  often  called  prostatic. 

(e)  At  the  base  of  this  common  duct,  a  distinct  riir 
dfftrtm  diverges  to  the  left  and  leads  into  a  muscular /i-itir, 
which  can  be  protruded  at  the  single  gcniul  aperture  and 
retracted  by  a  special  muscle-  Before  the  vas  deferens 
enters  the  penis,  a  long  process  at fiag^tlhun  is  given  off.  It 
b  like  ttie  lash  of  a  whigii,  and  is  as  Ion|{  as  the  common  duct. 
Within  it  a  s|)eTniatO|>hore  is  partly  formed,  but  seems  to  be 
completed  in  the  ]>enis.    This  q>ennatoj^ore  is  laden  with 


a  large  number  of  spermatozoa,  and  is  iRinsferred  by  the 
penis  into  the  genital  aperture  of  another  wtnii. 

,(/)  Continued  from  the  oviducal  «de  of  (he  common 
duct,  there  is  a  se]aratc  ciliated  avidiKt.  This  has  a  short 
course,  and  ends  in  ihc  common  genital  ajicnurc.  Before 
it  reaches  this,  however,  the  oviduct  is  associated  with  two 
structures.  The  first  of  these  is  a  long  process,  as  long  as 
the  common  duct,   beside  which  it  runs,   in  appearance 
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-Diisccttan  odltlix  poniklii.    (MHinlytiftet 
LaucKAKT.) 


difiuinfland  opoiinf  iuta  mid  ^ui ;  *.  beari:  k.  Udnfy ;  r.,  ncluD ; 
K-  btm^iollM  mm  in  iirmiiikl  pmi  of  dinmive  rIsihI  ;  k.d-, 
lKniH|il>Tediw  duct:  s^, .ilhuman  ilnnil:  t.i.,  iDinmon  duci, irlih 
nun  ooimluicd  uviduciL  [uui :  rJ.,  vn  dcfmni  mtcrint  poib  1 
Jt-,  Ha^vUuiu:  ''-«.  TrcHpiaculum  wminii^  with  a  bnoehTniD  itt 
doct :  iv^',  mucui  lUodt ;  4j-^  Aux  t*c^ 

suggesting  the  flaKcUum,  but  expanding  at  its  free  end  into 
a  globular  sac — the  rectptofuium  semiHt's.  It  is  into  this 
long  duct  and  sac  that  a  spennatophorc  from  another  snail 
passes,  and  is  after  sonic  days  dissolved,  libcrsiing  hundreds 
of  spermatiMoa.     By  ihese  spermaloiioa  ihe  ova  of  this  snail 
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«e  fertilised.  'Hie  second  ttrocttire  usociated  with  the 
female  duct  is  a  conspicuous  nmois  ghnd,  fonned  of  two 
gels  of  fingcr-liltc  processes.  The  mucus  secn-tion  of  this 
gUnd  is  very  abundant  during  copulation,  and  as  it  containa 
not  a  little  lime,  it  is  pooaible  that  it  may  Jbrm  the  calcareous 
shelb  or  tiK  egss. 

(^)  Finally,  between  the  entrance  of  oviduct  and  penis 
into  the  terminal  aptnitirc  there  lies  a  linn  cylindrical 
sttvctuTc,  larger  than  the  penis  and  with  muMruIar  walls.  It 
is  the  Cupids  Dart  SiU,  and  contains  a  pointed  calcareous 
arrow  (spim/um  am»ris),  which  is  jerked  oui  pre%'ious  to 
copulation.  The  dart  is  sometimes  found  adhering  to  the 
Hlcin  of  a  snail,  and  after  copubtion  the  sac  is  empty,  soon, 
however,  to  be  refilled. 

When  two  Huib  pair,  the  ceniul  j^xrtures  are  dilated. 


FlC.  Il6.— Diogiunof  iuvaof /WWiua.     (After  Enlakcri.) 

£r-,  <c(A)*np  4  £«■»  cndodcnn:  r-  v^rum,  viEb  cilia;  fiful 
(Avliy;  Srt^t  vgoivnutlon  C4«ity;  '-/r.^urLointiQck*!  Aw  buI; 
M^.,  kluin»on  ino««  (l««4.  eM*pi   U  N.,  abidi  tosMKi  i^ 


the  protruded  penis  of  one  is  inserted  into  tlie  aperture  of 
the  oilier,  and  the  transference  of  a  spermaiophore  is  thus 
effected. 

The  eggs  are  laid  in  the  earth  in  Janeand  July.  Each  is 
surrounded  by  gelatinous  material  acquired  in  the  oviduct, 
and  by  an  clastic  but  calcareous  shell. 

Sc^entation  is  total  but  slightly  unequal.  As  the  soatl 
is  a  lerreatrial  Gasteropud,  there  is  no  trochosphere  larva  nor 
mon  than  a  slight  hint  of  the  characteristic  Molluscan 
velum.    A  miniature  adult  is  hatched  in  about  three  wreelo. 


fe. 


CLASSlFlCATJOff  OP   GASTEROPODA. 

The  Study  of  devdopmenc  may  be  more  profiubly  followed 
in  the  pond  snail  IJmnaus,  where  gastrula,  irochoflphere,  and 
velif;eT  on  be  readily  aeen. 

djuiiricATiO!)  OK  GASTxnoKtoA. 

Snb-ClHS  I.  Sticptnoeurg. 

(I)  Zyi;ol>ranehi»,  t,f.,  limjicl. 
|i)  AfyKobnnchiR,  f-jc-,  wliclk, 

Snb-CISBll.  Eulhyncun. 

(I)  Otntlhubruurhia.  tf.f.,  Aptyna. 
(9)  PiiIinoiu,ta,  t.g..  Snail. 

L  SUcpUineura  {i.t.,  with  Iwittcd  nents).      In  ihi>  divitlan  the 
tonion  ai  the  Ixxly  hM  twiiu«il  tlie  vuKcrai  ncnv  Iwip  in  the 
form  of  a  lii^irc  8.    Tlir  *ci«i  >rc  bvptnitc. 
(l)  ZyKObnnctu.       Both    gills   nuy  |iersiM,   uc  bolli   may 
dcigcnerate,  Iheit  fanclions  Iwinc  ibcn  ditchuKed  1^ 
Totdi  of  the  monilc.    Both  ncpnritlia  penui,  that  on 
the  lieht  tide  being  the  loigci,  uicl  *erring  rIm  m  a 
|[enilu  ducL 
Exwiple* — 

Ompct  {.Paitlla'i,  Ear  Hhell  (/fo/tM'M). 
(3]  Aiysolnanchi.  The  nmrphulogically  left  nil,  nc|ihridiuni, 
Mid  MphnuUum  diiappcBr.  ihcK  morptiologicillir  right 
persist  topogniilhicBll}'  on  the  IcfL  It  nwy  lUto  Ik 
Ihal  the  Bciillal  duct  u  a  iiiodilicaiiDn  of  the  murjiho- 
lo^cally  Icli  nephridtum. 
Eiatnpleii — 

Fciiwinklu  {LHtfrina\,  Bucliio  (BattifOim^,  Dog 
whelk  {I*iirf^ra\,  Cone  iihells  (Cmw),  Afurr-x, 
/atUkma ;  and  alio  the  pelagic  Hekn>iKKb.  irilh 
fecit  adapted  for  lu'iiuming, /.;. .  ^/Au/a  |uu{je*hcllj, 
Cariintria  (inuill  Khcll),  Pitreiraikta  [no  shci]]. 

II.  Euthyiicum  {i.t.,   with  unight   nen>ei|.     The  toriion  of  the 
viwcral  hump  U  le»  compUi*.  and  the  viiceral  loop  It 
uatwintcd.      All  arc  hemia)ih><iillir.      The  khdl  id  oRcii 
Uehli  and  may  lie  alnenl  frum  the  inlult.     The  mantle  aa.j 
Miolle  much  rwluoed.     The  gill  (if  present)  i*  behind  the 
heart  (OpulhobrBneh  coodition),  whereas  in  the  Sin^to- 
neura  il  was  alnuBt  alwayi  in  front  irrosobtuich  condition), 
(l)  Opiinhobranchia.    Small  viKcntl  hump,  tarcly  uiy  thtjl 
in  (he adult;  aniu  behind,  and  hcut  in  front  of  j^ll 
when  ihU  is  pttMot. 
(a)  Tcciibisaehw.     Well  develoi>nl  rimiiIc  fold  and 
fiUKtionaJ  cill.  unially  with  delicitle  ihell. 
Bulla,  AMriia,  Dtlattlla,  UmtnUa. 
{i)  Nudibronchia.     Mantle   fold  ludimenlaiy  and   tfaell 
abKnt  in  theoilult.    Thecilliseilbermnch  modified 
nr  nlMcnt. 

7>itaii,  Darii,  Eeiis. 
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As    Tenibninchu    miul    >bo    be    indnded,    Ihe 
Plcro]NKlB,  (he  Wicecil  .SnuU  o«  Sot  Bull«tfliei, 
which  have  become  modified  foe  pclofpc  life.     Tbcy 
have  >  wcondanlj   acquired  oppkrcnt   tTmnKay, 
and   iwlm   by  two  luge  Ulcru  lobct  ol  the  lixii 
("pMBpodl*  ).      Tlicy  oftni  swim    aciivslv   in 
fboaUi  mkI  occur  in  oil  »Mfc     Thcf  aAbrd  Smo  far 
wMtai  &C.1  and  Ihc  ifatllt  of  uone  uc  olmndMt  In 
Ihe  OOM.     They  indiidc  :— 
(a)  TheoaMmaU,  with  mantle  fold  uid  iheH,  diet  of 
minute  animal  oi  i-vigeUtble  orgBniuiu,  cloiely 
icUleil  t»  Bulla  and  iti  allies. 
Enun|:dct— //^<ni,  Cymiu/ia. 
W  Gymnowmata,  irithnui  mantle  fold  or  ihell  In  iha 
*dutt.     CImcly  allied  lo  A^/ttM  lad  iu  iUin. 
Aclivcly  camivoKHis. 
Enuuples — C/it,  Putumtdtrma. 
(a)  Pulmonatn.     Air  breathing,  without  rill,  the  edge  of  the 
nmntlc  hot  fated   with    the   body  wall,   tcomiiu;    * 
[nilmnnnry  chandler  with  a  imall  aperture,  t^.,  ntHx 
((lull)  :     Jjyiaji   (gicy  dag) ;    Ari*n  (Uack    dug) ; 
/.imuiTHi,  PlaH9rUi,  wid  Attyhu  (common  frnh  water 
nwIU}. 

GSNUaAL  NOTKS  OX  GAtTSKOMDS. 


Fioin  a  limn  in  euenlioU  rimJIor  lo  Ci'lm,  except  for  its  eu[ht  thelU, 
we  may  caiuidcr  thai  the  CoHcropodt  propel  luve  been  developed. 
ThejTNtc  all  more  or  leu  aqrometiical,  but  wemuM  natl«~(i)  thni 


thl)  want  of  «)Tninetry  doct  not  afflfct  llie  hood  ur  the  foul,  but  only  the 
dorsal  vltcrra,  which  lue  mora  nt  l«»  Iwisled  round  to  Iho  rwht  nde 
towardi  the  heail  i  (i)  the  loraion  tnuii  be  diitinsaiihed  horn  Ihe 
frei)uml  bpiial  twiitin;;  of  the  visceral  hump  and  of  the  ihdl  i  (J)  Ihe 
tunion  uocun  in  variable  <lcgtcc,  and  tome  fbrmt,  eipcdally  free 
iwlmmen,  have  n  niperficial  cjTncnetry. 

The  cumot  explonalinn  of  the  a*yntmetry,  which  ha*  been  KMCnlly 
elaboiated  by  Lan^,  i*  at  foUowt  ;— 

If  wc  btK"!  with  a  (orm  •alnMhIl^[  like  a  CM*if,  but  with  a  simple 
ihelli  we  miut  MppoM  Ihe  hrad  and  feoi  to  become  iucnaiingly 
specialised,  and  at  the  some  lime  to  acquire  an  increauBK  freedom  of 
mo¥cm«iit ;  during  the  procen  Ihe  riiocfa  will  lend  to  become  moee 
and  more  Umiled  to  a  niecial  region  of  die  body,  and  a  "viioenl 
humn"  will  thus  be  fonnod.  The  thell  beo«na  limited  lo  this  i 
but  ine  coninciiUty  of  head  and  Iboi,  which  cnablea  thoe  to  be  i 
into  the  shell,  wuil  be  eoiivlalcd  with  the  incnoHiuj  aiie  and  compleaily 
of  thii  itnicmrr.  An,  howewt,  hhcll  and  t*iioeTal  hump  become  lai](ei, 
Itirv  Ijccome  Ion  heavy  tu  be  carried  in  the  iviniiiivr  luiitlon  on  the 
lark  at  Ihe  animsl,  and  incline  to  one  tide.  Thcie  it,  inenfccv,  a  one- 
sided preMure,  which  remit*  tn  an  incieaied  |;rawlh  relatively  of  th« 
Opposite  siile,  .-mil  »  in  a  deep  Mated  twisting,  which  Uniwi  the 
onginally  ptKieiiir  aniu  to  an  anterior  posilion  neai  the  mouth,  and 
iwwluoei  a  tendency  lo  ibe  mpfKearion  m  one  of  the  originally  paired 
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0Ui)  nepbridU.  &c.  According  lo  lAng,  cluring  iKc  laruon  an  incroucd 
powth  of  the  upper  curTocc  of  (he  vihctnil  mm*  1'  nconxuy  in  cinlcr  to 
nvtdd  niplurc.  and  thu*  the  tupcificial  spirBl  colling  n  produced  ;  thii 
U  iclUcl«J  in  Ihc  oiliti^;  cf  i)ir  Hhrll.  In  ijnc  uric)  ol  ihc  (iosleropodt 
tht  vbccnJ  ntttw  loop,  ninnin^  rmiii  Ihc  c<rrcl>iitl  and  pleural  to  the 
vtafiBnU  gaaglift,  ii  "aiu|;)il  in  Ihc  twist,"  and  iwina  like  a  figiueS 
(SlTC|)(on«iral  condition),  in  the  othen  ibe  nine  Tuaceral  loop  i>  ifaon 
and  untwisted  (Euth)tieDral  condition).  In  both  groun  we  find  fornu 
with  coiled  iheOt,  bat  nmorw  the  Euthjmeura  (here  is  ■  tendency  (O 
loM  the  *heU,  (he  vitccnil  hump  beoonilnj;  >t  Ihc  tune  time  incon- 
nicDOui,  whUe  a  nperAclal  apptantnM  it  tymmeliy  U  produced.  The 
deep  waled  toi«Ion  o(  iho  orgiint  ii,  however,  tlill  retained. 

It  U  not  verjr  uncommon  lo  find,  cither  u  a  constant  oocutrencc  or  as 
an  occjttional  mriBlion,  sjnrally  coiled  ihclU  with  a  (evened  or  left 
huidcd  spiral.  In  Mine  of  these  ciuet  the  (upeifidal  eei&vf«S  the 
TiNenl  hump,  ns  well  m  the  deep  tetXtd  (onion,  U  aUo  left  handed  ; 
but  in  oihen  we  find  that  the  internal  flmclure  retain*  Ihc  normal 
amngemenL 

Afode  Iff  Lijt. 

From  the  number  of  diverse  types  which  the  class  in- 
cludes, it  is  evident  that  few  general  statements  can  be 
made  about  the  life  of  Gastcrapods.  ^\''c  arc  safe  in  saying, 
howervcr,  that  though  the  majority  arc  sltiggish  when  com- 
pared with  Cm^laccans,  they  xk  active  when  compared 
with  I  jmcUibranchs. 

The  locomotion  eflected  by  the  contractions  of  the 
rou.icubr  foot  is  usually  a  leisurely  creeping,  hut  there  are 
many  {(mdationK  liclwccn  the  activity  of  Hi;tc:ro]>od.t  in  the 
open  sea,  ibc  gliding  of  fresh  water  snails  \l.imntats)  foot 
upwards  across  the  surface  of  the  pool,  the  explorations  of 
the  periwinkles  on  the  sand  of  the  shore,  and  the  extreme 
passivity  of  limpets  {Patella),  which  move  only  for  short 
distances  at  a  lime  from  their  resting  places  on  the  rocks, 

Statistics  are  neitlier  interesting  nor  reliable,  for  tl^'re  is 
much  difference  of  opinion  as  to  the  limits  of  species  and 
varieties,  but  we  may  notice  that  the  number  of  tcrrestn'al 
unails  and  slugs,  breathing  the  air  directly  by  means  of  it 
pulmonary  chamber,  is  estimated  at  ovirr  tiooo  living  species, 
while  the  aquatic  (jastcroiK>ds  arc  reckoned  at  about  10,000, 
most  of  which  arc  marine.  Of  this  myriad,  about  9000  arc 
strepioneural,  the  relatively  small  minority  arc  cuihyncural 
^sthobranchs  and  nudibtanclis,  with  light  shells  or  none. 
The  Heteropods  and  some  opisthobrancns  live  in  the  open 
sea ;  tlK  great  majority  of  aquattc  Gasteropoda  frequent  the 
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•bore  and  tlie  sei  bottocn  ai  rebtiveiy  slight  depths ;  the 
deep  sea  fonns  are  cotnparaitretf  few. 

Casteropods  tsrely  feed  at  such  a  low  let-el  as  bivalves  do, 
indeed  some  of  them  arc  fond  of  eating  bivah-es.  Most 
prawbranehs  (slrcptonctintl),  with  a  respirator)'  kipbon  and 
a  shell  notch  in  which  this  Iks,  arc  camrroroua,  e^.,  the 
buckles  {BuedHum)  and  "dog  whelks"  (Ptirfmra);  on  the 
other  hand,  those  without  this  siphon,  and  with  an  u»- 
notchcd  shell  mouth,  feed  on  pbnts,  r^..  the  seaweed  eating; 
periwinkles  {Uttoriint).  The  v^ie- 
tarisn  habits  of  most  bnd  snails 
and  slugs  arc  known  to  all.  Many 
Gasieropods,  both  marine  and  tcr- 
restirial,  are  vetj-  voracious  and  in- 
di.scrimiiuite  in  their  meals ;  others 
arc  as  markedly  xix.-ci.-i lists  or  epi- 
cures. Some  marine  forms,  partial 
to  tchinoderms,  have  got  over  the 
difficulty  of  eatiitg  such  bard  food 
by  secreting  dilute  sulji^uric  acid, 
whteh  is  said  to  change  the  car- 
bonate of  lime  in  the  starfish  into 
the  more  brittle  and  readily  pul- 
verised sulphate.  Only  a  few  Gas- 
Icropods  arc  parasitic,  f^.,  £ulima 
and  Siylijer  on  Echinodcrrns,  and 
the  extremely  degenerate  Ent^Kfiuha 
mirabitis, — within  the  Hotothurian 
Synafla. 

Lift  Histoty. 

The  eggs  of  Gastcropods  arc 
Usually  small,  wiiliout  much  yolk, 
but  surrounded  by  a  jelly,  the  sur- 
&ce  of  which  hardens.  In  the 
■nail  and  in  some  other?  there  is 
an  egg  shell  of  lime. 

Sexual  union  occurs  between  her- 
maphrodites as  wdl  as  between  separate  sexes,  and  fcni- 
lisation  is  effected  inside  the  genital  duct.  Development 
sometimes  proceeds  within  the  parent,  but  in  most  cases 


FlO.    It7.— Slagcs   in 
Hdhncan  dcivlopment. 

A,  BluIuU  of  Ubbm  tftta 
PaiHo);  /r.GMndaofMI*- 

r.  bcainninfi  of  vtlom :  mrt., 
arch*nLvn» ;  jw,  ,nni,l<iiii 
•itlli:  C.  Ul«  «•«(  of  Ow 
wnc  \  r,  wtan  ;  jar,  itoalli 
iaiafibMiaa ;  at-  wdiin- 
itmn ;  a  tnni :  /  Wimiltg 
ortaM:(4.<.ilidi|UBd. 
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ihe  fenilised  eggs  are  taid  in  Relatinoua  clumps,  or  within 
qwcial  capsules.  The  free;  xwimmintt  lanlkima  carries 
the  en*  in  capsules  attached  to  a  \3i%k  raft-lilct;  float 
towcdbir  the  foot  On  the  shore  one  often  finds  DtUDcr- 
ouN  c^  eapsulvs  of  the  "buckte"  {Biicanum  iM^oAfw) 
united  in  a  ball  about  the  i^izc  of  an  orange.  Ui>der 
the  ledges  of  rock  arc  many  little  ycUowish  cups,  the 
egg  capsules  of  iIm:  dog  whelk  {Jhirpura  lafiU/iu).  In 
the  buckic  and  whelk,  and  in  some  other  forms,  there  is 
a  atrujigle  for  existence — an  infant  cannibalism— in  the 
cradle.  Tor  out  of  the  numerous  emtirjros  in  each  cajiuile 
only  a  few  reach  maturity,  those  that  get  the  start  eating  the 
others  as  tbcy  devcl<^. 

The  segmcnution  of  the  ovum  is  total,  but  somewhat 
nocqiial ;  a  gostrala  b  formed  by  invagination  or  by  over- 
growth Mcordiiw  as  there  is  less  or  more  yolk ;  the  gasirula 
becomes  a  trochosphere  with  a  pre-oral  rii^;  of  dtia ;  the 
trochocphere  grows  into  a  veligcr  with  a  lobcd  ciliated 
cushion  or  velum,  a  visceral  dome,  a  dorsal  shell  gfautd 
which  soon  dts.ippcar8,  and  an  inciptcnl  ventral  foot.  In 
Icrrcstrijl  snails  like  H<lix,  the  life  history  is  abbreviated. 
In  tlie  mter  snail  Umn<eus,  Ray  I.ankester  has  detected 
the  persistence  of  the  vetum  in  the  circumoial  lobes  of  the 
adult. 

/'ail  tiisttrjr. — As  the  tanh  Iiu  grown  older  the  Gosteropodi  hare 
incTta«d  in  nunhen.  A  few  Mi'e  hecn  diiinicrrcd  (ram  (he  Camtaun 
rocki  I  ihencc  onwatdi  they  incrcue.  MosI  of  Ihc  FVlxMKiic  gcncrs  are 
now  quite  extincT,  hut  many  moJcrn  bmlllct  irace  Ihelr  ([cneakM^  to  the 
CntaceoHt  period.  Thaw  with  ns|nralot]r  w|>hant  were  hardly,  \S  m 
•n,  Mpieainlvil  in  Pshrcaoic  ^ca,  ami  the  (etmtiUI  air  btcaihenue 
eonparalivcljr  inuili-ni.  Z*»lo|'ical  lUlistieiana  i-slinixlc  (he  number  of 
GaslMOpodt  Mt  ajiOOO,  of  which  7000  are  extinct,  td.ouo  aliic.  But 
beades  Ihe  niuDeiKnl  iucce»  which  mar  be  tnfnrnl  from  thoc  figure*, 
il  b  impaflaM  to  notice  (hat  doi  s  fow  ij-pe*  hare  peniUetl  from  early 
ago. 

BioHomies. 

As  voracious  animals,  with  irresisliblc  raspers,  Gastera- 
pods  commit  many  atrocities  in  the  striig^jle  for  existence 
and  decimate  many  plants.  Professor  Staht  shows,  however, 
that  there  are  more  than  a  dozen  diflTerent  ways  in  which 

Slants  are  sared  from  snails, — by  crystals,  acids,  ferments, 
ic  ;   and  like  an  orthodox    Darwinian   tie  regards  these 
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plants  as  the  surrivors  of  a  multitude,  vrhich  did  not 
become  sufficiently  gritty  or  poisonous.  As  food  and  bait 
many  Gasteropoda  are  very  useful ;  their  shelU  have  supplied 
tooh  and  uteiisils  and  ohjects  of  delight  ;  the  juices  of 
Purpura  and  Murtx  furnished  the  Tyrian  purple,  more 
charming  than  all  aniline. 

ClaiB  III,  ScAt-iioroiiA, 

Very  diffcrent   from   Giuicr«Pod>   Me    (he    Soiphopoda,   of  which 
DeilMiim  (Elcphuil's  loolh  lAcU)  U  ih«  commonen  emu*.      Thck 

eriiion  ii  unecttain.  Some  pUoe  them  neaitr  Uralvta,  olhera  notra 
plialopodi.  Tliey  burrow  in  ihe  (and  al  oofuddant^c  iatttA  off  ihe 
ooMUorinany  counuie*.  The  nunilc  hu  origiindljr  two  folds,  which 
flue  vonlRtlly,  and  Lhe  *h«ll  iH^ntin  cylindrical,  like  ui  elephant's  tuik. 
It  (a  open  ^  both  toi%.  The  lat{[rf  ojimiDg  (direeied  downwardi  in 
the  mul)  ii  •nIerioT,  the  ccncave  siue  of  the  ancil  is  donaJ.  The  imoll 
nlindrical  head  bean  al  iU  extrcmily  b  moulh  nitroundcd  hy  numeroiu 
'' tentacles,"  while  at  il*  box:  there  is  a  doable  duster  ofctllsled  con- 
Iiactile  prooesKt  poulbly  repnscntinE  giV*.  The  fiwt  la  lone,  '"'''' 
three  snuxll  tcnninu  lobe*.  It  Is  utcd  hi  slow  creepini;,  and  i*  jirotnidetl 
at  the  inicrlcu  opening.  There  arc  ccntbnil  aiid  pleural  BanElia,  "o" 
one  uiulher  in  the  head,  ptdoj  {anglia  in  ihe  fool,  and  a  tang  unlwincd 
vitceia)  loop  with  olfoclory  ganglia  near  the  poatcrior  onoi.  Sciue 
argon*  ore  rcpracnted  by  otocytt*  heride  the  pedal  guiclk.  There  1* 
on  odonio^ore  with  a  limplc  radulo.  The  Iboil  contuts  it  mlnuie 
luilnuili.  There  i*  nn  heoit,  but  ootouilcH  blood  citculattt  in  Ihr  botly 
cavity.  There  mv  ih<i  ncphiiiliail  ■peiliitct,  one  on  roch  tide  of  the 
anut;  the  nopliiidiiil  cliumlicr  h  prrfonteil  by  Ihe  inlcitine.  The 
•CM*  >ir  tcpsmlc  ;  the  ie|iroiluctii>c  oicon  it  simple  and  dotial  in 
ixniiion  ;  the  elements  pua  out  by  the  tight  nephridiuni.  The  ^ulnila 
ii  succeeded  by  a  6ec  swinimine  r,iagc.  m  which  ibae  it  b  hint  of  a 
velum  and  b  rodimentikry  shell  eliuid. 

Eanip'ia.~l>tnfa/inm,  Entalium.  Abcnil  forty  widely  distribotod 
species  are  known.  Diftalium  mialt  occun  off  l&iliih  ooosu. 
The  genai  occun  oi  a  fouit  from  Citl»nifi:rous  (or  {)eiha|it 
earlier!  ilinU  onwanl. 


Class  IV,    LAUEUJHRAKCHtATA   Qt   BlVAtVSS. 

(Synonyms.  Aoephala,  Conchifera,  Pelccypoda, 
I.ipoccphala,  &c.) 

£.V(»m//f^.— Cockles,  Mussels,  Clams,  and  Oysters. 

ZamtJliimiwAs  are  bilaftrally  symmtlrkal  AfMlma,  in 
wMM  tkt  hody  is  comprtued  fnm  tidt  to  tidt  attd  tht  /e»t 
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MiW  <v  //»  ploughs hart-Jike,  7%  jt^i^  (tfj-  protlomium) 
ngt'cn  rrrtaiat  tiniUvtlopfd,  tvitfiout  trnftultt  or  tyti ;  tht 
iiumlh  is  Vfifhout  radula.  horny  jawi,  or  salivary  glands,  but 
there  is  a  pair  of  laAial  patpt  on  eaeh  tide.  T%e  mamtlt  sksrt 
is  divided  into  two  flaps,  which  setrtte  the  tuv  valves  of  the 
shell,  now  lateral  instead  of  dursal  in  position.  The  valves 
art  united  by  a  dorsal  tlastie  ligament,  and  dosed  by  two 
transverse  addudor  museles  or  by  one.  Internal  bilateral 
^mmttry  is  marked  by  the  paired  naiurt  and  disposition  of 
tht  titphridia,  aurules,  gills,  digestive  and  reproiluetizy  organs. 
71b  gills  (denidia)  eonsist  of  numenms  gill  filaments  whieh 
lypiailly  grow  together  into  large  plates  {hence  the  tittt 
Lamellibraneh).  There  are  Hsnally  three  pairs  of  ganglia  ; 
(a)  eerebro-plenrals  in  the  head ;  (b)  pedals  in  the  foot ;  (c) 
visctrais  at  the  posterior  end  of  the  body.  The  heart  eonsists 
af  a  ventrieie  and  tsvo  aurieles,  and  is  surrounded  by  a  peri- 
eardinm  whieh  is  emlomit  in  origin,  and  fo/iimnnieates  with 
the  exterior  by  meant  of  the  t:vo  nephridia.  Reprodnelive 
organs  are  always  simple,  and  the  sexes  are  usually  sepante. 
The  typieal  development  ineludes  Irochosphere  and  veligtr 
ttagts.  Most  Lameilibraneks  feed  on  microscopic  orptnisms 
and  particles ;  the  distribution  is  very  wide  both  in  salt  and 
fresh  water  ;  the  average  habit  is  sedentary  or  sluggish. 

Type  of  L.\MELLIBRANCHIATA  :  The  I-'rcsh  vfalLT  Mussel 
{A notion ta  cygnea). 

The  fresh  water  mussel  lives  in  rivers  and  ponds.  It  lie* 
with  its  head  end  buhcd  in  the  mud,  or  ploughs  slowly 
Along  by  means  of  its  wcdge-Hkc  foot  lis  food  consists  of 
minute  plants  and  animals,  which  are  wafted  in  at  the 
pouerioi  end  by  the  currents  produced  by  the  ciliated  gilU- 

External  Appearante. 

Tlie  bivalve  is  four  to  six  inches  lon(; ;  its  vulvcs  arc 
ei]tMl  and  united  in  a  dorsal  hinge  by  an  elastic  ligament, 
an  uncaJcificd  part  of  the  shell ;  on  the  ventra]  surface 
when  the  valves  gape  the  foot  protrudes ;  the  anterior  end 
is  rounded,  the  posterior  end  is  mon:  pointed,  and  it  is 
there  that  the  water  currents  flow  in  (ventrally)  and  out 
(donally).     In  bivalves  the  ligament  in  generally  posteiilor 
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to  the  dorsal  knob  or  umhtf — the  oldest  part  of  the  slidl — 
and  the  umbo  generally  ])oints  towards  the  ftnterior  end. 
The  {(Tcenish-brown  soft  (" horny")  layer  of  the  shell  is 
often  worn  away  near  the  umbo  on  each  side,  and  then 
displays  the  mcdun  "prismatic"  layer  of  lime.  Inlctnally 
there  is  a  pearly  Layer.  IJncs  of  growth  on  the  shell  mjtrk 
the  position  of  the  margin  in  former  years,  the  youngest 
part  being  obviously  at  (lie  edge. 

Tlte  shell  i.t  a  cuticular  striKture,  i.t.,  it  is  made  by  the 
epidermis  of  the  mantle.  It  oon.tiitu  mostly  of  calcium 
carbonate  plus  an  organic  substance  called  conchiolin. 

InUmai  Afiptarana, 

When  (he  right  half  of  ihc  shell  is  folded  Uck,  the 
anterior  and  posterior  closing  muscles  being  carefully  cut 
close  to  the  gently  rsiscd  valve,  the  mantle  folds  are  seen 
lining  the  shell  and  forming  poslcrioily  the  ventral  inhalent 
and  dorsal  csdialeni  lips.  The  ventral  lips  have  papillary 
processes.  (In  some  bivalves,  t^.,  Mya,  the  lips  of  the 
mantle  are  prolonged  into  retractile  siphons.)  Internal  to 
the  mantle  two  gill  plates  lie  on  each  side ;  projecting  from 
between  these  is  the  foot,  muscular  ventrally,  softer doraally; 
the  median  dorul  pcric.irdium  is  jusi  bcnuth  the  ligament ; 
the  ventricle  shinca  tbrough  its  walls,  and  the  dark-coloured 
kidneys  are  seen  llirotigh  its  floor.  Below  the  anterior 
closing  (adductor)  muscle,  the  Urge  mouth  nitl  l>e  fouiMJ, 
bordered  beneath  by  two  lip  prtKcsses  (labial  palp«)  on  each 
side;  above  the  pouerior  closing  muscle  ihe  food  canal 
ctmI*.  The  whole  space  between  the  two  mantle  flapa  is 
called  the  mantle  cavity,  and  it  is  divided  by  a  slight  parti- 
tion at  the  Imscs  of  the  gills  into  a  large  ventral  infra- 
branchial  chamber,  and  a  small  dorsal  supra-branchial 
dtaffll>cr  which  ends  at  the  exhaleni  orifice- 

On  the  valve  of  the  shell  folded  back,  are  seen  a  ruunber 
of  concentric  (palltal)  lines,  marking  the  gradual  extension  of 
the  mantle  and  ibe  conM.-qucnt  growth  of  the  shell.  A  few 
small  (icatb  may  also  be  seen ;  ih«)'  arc  formed  by  the 
cncloaure  of  some  minute  grains  of  sand  in  Ihe  prismatic 
layer.    The  following  musd^  are  inserted  on  the  shell  and 

*e  irapreaaioiu : — 


SKl/f—MUSCULAK  SYSTEM.  jft; 

(a)  Tbe  anlerioT  adductor. 

il)  The  postenor  adductor. 

{{)  Tbe   anterior    lectacior  of   the    Toot    continuous 

with  {a), 
(d)  The  protnaor  oT  the  foot  a  little  belofr  <«). 
(t)  The  posterior  retractor   of   the  foot    continuous 
with  (*). 
As  the  shell  grows  the  insertion  of  the  muscles  and  ihe 
attachment  of  the  mantle  change,  and  tbe  traces  of  this 
shifting;  are  visible. 

Skin. 

IImstc  is  much  ciliated  epithelium  about  Aiiadonia,  especi- 
ally on  the  internal  surface  of  the  mantle,  on  the  gills,  and  on 
the  labial  palps ;  and  little  pieces  cut  from  an  animal  incom- 
pletely  dead  (e.g.,  from  the  oyster  which  many  of  us  swallow 
half  alive)  have  by  means  of  their  cilia  a  slight  power  of 
motion.  The  skin  of  the  foot  is  not  ciliated  but  glandular ; 
on  the  mantle  vAffi  sensitive  and  gbndular  cells  arc  abun- 
dant, but  usually  in  inverse  ratio  to  one  another. 

Mui€H!ar  SyiUm. 

Tbe  shell  is  closed  and  kept  closed  by  the  action  of  ihc 
two  adduaor  muscles.  When  these  arc  relaxed  under 
neivoua  control,  the  elasticity  of  the  hinge  ligament  opens 
the  vilves.  A  book  with  an  clastic  binding  stretched  when 
the  book  is  closed  by  clasps,  would  in  the  same  way  open 
when  unclasped.  It  is  easier  for  Ihe  mussel  to  (men  (he 
valves  of  its  shell  than  to  keep  them  shut.  The  loot  is  a 
muKular  protrusion  of  the  vt;nlml  surface^  under  the  control 
of  three  muscles — a  retractor  and  a  protractor  anteriorly, 
and  a  posterior  retractor.  Its  upper  portion  contains  some 
coils  of  gui  and  the  reproductive  organs ;  its  lower  region 
is  very  muscular.  The  protrusion  or  extension  of  this  loco- 
motor or^n  is  mainly  due  to  an  inflow  of  blood,  which  is 
prevented  from  returning  by  the  contraction  of  a  sphincter 
muscle  round  the  vein.f.  In  moving,  the  animal  literally 
ploughs  its  way  along  the  liotlom  of  the  pond  or  river  pool, 
and  leavt-s  a  furrow  in  its  track.  The  muscle  fibres  are  of 
Che  slowly  conlracting  non-siTipcd  sort. 
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Ntrvous  Sysltm. 

Thorc  arc  three  pairs  of  ncnc  centres : — 

{a)  Ctrtbro-pleural  ^dftgliti,  lying  above  ihc  mouth  on 
eadi  side  on  the  tendon  of  ihc  anterior  retraaor 
of  the  foot,  connected  to  one  another  by  a  com- 
missure, connected  to  the  ivro  other  pairs  of 
ganglia  {h)  and  (<^),  by  long  {viired  connectives, 
and  giving  off  some  nerves  to  mantle,  {wlps,  &c 


Fiti.  ii8.'~}tcTi>(nu  sjntem  o^MolluIlC]'■ 
T<Mbrl(rn  ilun  of  .^iHvlnM:  (o  iht  f Ithi  ibM  of  Ofiyw :  lntb< 

aiUdlt  ihil  of  ffilii.    til  l)i<  1*>l  lwi>  (he  loiltlon  ef  ibc  (uUcl  u 

•bourn. 
<./.,  C<ntm  [ilninl  euicUa  :  A'  P*<U>i  t.,  vbonali;  «,  ««» 

bnh; /f.,  pitunli  I  A,  bueeili :  >..  ticlUlecucliMi. 

{i)  Pedal  ganglia,  l^ng  clmc  together  alwut  tlic  middle 
of  Ihc  fool,  united  by  connectives  to  (a),  giving 
oSr  nerves  to  the  foot,  and  having  beside  them 
two  small  car  sacs,  each  with  a  calcareous 
otolith,  xnd  with  a  ncn-c  said  to  be  derived 
from  the  connective  between  (a)  and  (h). 

(0  VtKtral  ganglia  (also  called  parieto-splatichnic  or 
osphradial),  lyinfi  below  the  pocttcrior  adductor, 
connected  to  (a)  by  two  long  connectives,  and 
giving  ofT  nerves  to  mantle,  musdcs,  fire.,  and 
to  a  patch  of  "  smelling  cells  "  at  the  bases  of 
the  gills. 
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StHSt  Organs, 

Unlike  not  a  few  bivalves  which  have  hundreds  of  "eye»" 
on  the  manlle  margin,  Anodonta  has  no  trace  of  any.  The 
ear  sac,  orl^itiiaUy  derived  from  a  slcin  pit,  is  sunk  deeply 
within  the  foot  and  is  of  doubtful  u&c-  The  "sraeUing 
patch"  or  "osfhraJium"  at  the  base  of  the  gills,  has 
perhaps  water  testing  qualities.  There  arc  also  "tactile" 
cells  about  the  manitc,  labial  palps,  &c, 

Alimtntary  Systtm. 

The  mouth  lies  between  the  anterior  adductor  and  the 
foot,  and  beside  it  lie  the  ciliated,  vascular,  and  sensitive 
labial  palps,  two  on  each  side.  It  opens  immediately  into  the 
gullet,  for  the  pharynx  of  other  Molluscs,  with  all  its  associ- 
ated structures,  is  absent  in  Lamcllibranchs.  The  short 
wide  gullet  leads  into  a  large  stomach  sunounded  by  the 
paired  digestive  gland  (hqialo-pancrciu  (?) ),  whose  juices 
are  pnrtly  analogous  with  those  of  the  Vertebrate  liver  and 
panacas.  Part  of  the  food  digested  by  these  juices  in  the 
stomach  is  compacted  in  autumn  into  a  "cr>'stalline  style" — 
a  mass  of  reserve  food  stufTs,  and  similar  but  less  solid 
material  is  found  in  the  intestine.  On  this  supply  the 
mussel  tides  over  the  winter.  Some  authorities,  nowe^-er, 
maintain  that  the  style  is  a  glandubr  secretion,  protecting 
the  lining  of  the  gut  from  injury.  Similar  structures  are 
found  in  several  Gasicropods.  The  intestine,  which  has  in 
part  «  folded  wall  like  that  of  the  earthworm,  coils  about  in 
the  foot,  ascends  to  the  pericardium,  passes  tbiough  the 
ventricle  of  the  heart,  and  ends  above  the  portcrior  adductor 
at  the  exhale nc  orifice. 

Vastular  Systfm. 

The  heart  lies  in  the  middle  line  on  the  dorsal  surfaoe, 
within  a  portion  of  the  body  cavity  called  the  pericardium, 
and  consists  of  a  muscular  ventricle  which  has  grown  round 
the  gut  and  drives  blood  to  the  body,  and  of  two  trans- 
parent auricles— one  on  each  side  of  the  ventricle — which 
receive  blood  reluming  from  the  gills  and  mantle.  The 
colourless  blood  jiasscs  from  the  ventricle  by  an  anterior 
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and  a  posieriOT  anery,  flovrs  into  ill-di-flncd  channels,  is 
coIIccImI  in  a  "vena  cam"  beneath  ihc  floor  of  ihc  peri- 
cardium, paises  thenoe  through  the  kidneys,  where  it  loses 
ntlrogenous  waste,  to  the  gills,  where  it  loses  carbonic  add 
and  gains  oxygen,  and  returns  finally  by  tlie  auricles  to  the 
ventricle.  The  blood  from  the  mantle,  howmer,  returns 
directly  to  the  auricles  without  passing  through  kidntys  or 
gilb,  but  protiably  freed  from  ils  waste  none  Ihc  less.  The 
to-calted  "  organ  of  Keber  "  consists  of  "pericardial  glands  " 


Fio.  119.— StnjclurcofAnodciiitn.     (Anrt  Kakkik.) 

«<■.  Aniirier  •MvMii;  i./^r-r  (•nbm-iil'unl  (•nctU:  M., 
MBWKh :  r..  wiitkit,  wtch  ■■>  ■orttk  ctcnini  iinaii:  k..  ViAnej. 
•Im^Wch  ihi  icHUiiar  mmcixr  qT (hai :  <•.,  («liim.  tnitinj  *Iwt» 

Clwioi  uMuvior ;  r^.,  tinnljunElla  wlih  (mtiiHil-tn  On  Muh) 
nnrtlm pkunli :  f-.r"!  HiiBn|lnr««  :  f^t..  )>nlil  eiuKluin 
Fhn.  *Ii*»  >Im  an  Hcn  iHiDdia  tt  tht  uncior  nana  and  ib> 
npn>]uaivi«cim;  l-f..  Iibinl  piJp<  twhinil  mmth. 

On  the  epithelium  of  the  pericardial  cavity.  They  «c«n 
to  be  connected  with  e*CTCtion,  Many  of  the  cells  lining 
the  blood  channels  secrete  ^ycogen,  the  principal  product 
of  the  Vertelwate  liver. 
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Rapiratory  SytUm. 

Lying  between  the  miuille  flaiu  and  tlie  root  iliere  arc  on 
each  wU  two  Iarg«  gill  [Jlat(^s,  whence  ihc  titlu  l^mulli- 
branch.  The)-  nn:  rictily  ciliated,  Iheir  internal  structure  is 
like  complex  itetlis  wnrk,  tlu-ir  unvitics  communicate  with 
the  EUpra-branchiAl  chamber.  "Cicnidia"  they  are  often 
called,  because  ibcy  arc  more  than  gills  ;  nol  only  are  they 
surfkces  on  which  blood  is  purified  by  ihc  washing  water 
cunents  (a  respiratory  function),  ))ut  some  of  their  iimny 
cilia  waft  food  purticles  to  the  mouth  (a  nutritive  function), 
and  in  the  female*  the  outer  ^ill  plate  shelleni  and  nuuii.shoi 
the  young  larva;  (a  reproductive  function).  The  water  may 
pa§s  tknmgh  the  gilU  to  the  supra-btanchial  chamber  and 
thence  out  again,  or  cfw  the  gills  to  the  mouth,  and  thence 
into  the  suprs- branchial  chamber.  It  is  likely  that  the 
mantle  has  no  small  share  in  the  respiration. 

The  jjrix^  iitcucnirc  vitl  Bnochmcnl  of  Ihc  Kill  plalci  U  cnuijilcx, 
but  ii  u  iiiipur1>n(  in  tiiiilrrhUiii'I  ihi-  fDlkiwliij;  rnrih : — i«)  n  L-tow 
tCCiionuJihc  IWQgill  plwtooH  <inr  ".lilc  \\x\  ilic  lonii  i>f  ■  \V,  one  li.ilf 
(if  whifh  is  the  uutpr,  Ihr  nihtr  llic  innci  till  \\t\f  ;  (<>)  oit-h  of  IhcH- 
{■ill  pblci  cunnitH  c4  a  tiiiiteil  seiici  of  |:iil  fLULmcnd,  wliich  tlrwrnd 
from  Ihc  cenUc  of  the  W  and  ihcti  bend  up  apiiii ;  (<)  adjacent  fiU> 
mcnti  *rc  liuund  itigcihn  by  ftiiiuni  and  tiridgci  l»ih  horiionul  njid 
venioil,  *o  ihar  omh  mil  [iluic  bctomct  like  i  (nmples  (nerc  of  huLcl 
work  :  (•' )  Imih  eill  jilaic*  Ik^d  t^  Ihc  ilownwuH  j^wih  of  niamcnlii 
from  u  lu>H;iiuiliiuil  "clcnidial  utii,"  the  pmition  nf  uhich  nn  ctum 
MClIon  U  nt  Ihc  nieilinn  nwx  of  the  W  ;  |f )  (hbi  moilc  of  origin,  aiii^  the 
much  less  comjjlrx  );ilU  uC  iillut  biislves,  Icul  nnc  to  t>r1ii-vr  that  ilicic 
ia  on  cadi  liilc  one  gilt,  tuiulsting  of  two  gill  plttc*  Ibriiu'it  fmin  h  Mrin 
of  unitpd  and  refiecleiJ  ^11  filMnitnti.  On  the  Kills  then  arc  ofiei> 
ponuilii;  milci  (jfAtr). 

Excrtiary  Systtin. 

Thi'  paia'd  kidney,  which  used  to  be  called  the  "  o^an 
of  Bojanus."  lies  bcne.nh  the  floor  of  the  pericardium, 
Each  half  is  a  ncphridium  bent  upon  itself,  with  the  loop 
posterior,  the  two  ends  anterior.  The  lower  part  of  this 
bent  lube  is  the  irue  kidney  ;  it  is  dark  in  colour,  spongy  iti 
ti-xture,  and  excretes  j^uanin  and  other  nitrogenous  waste 
from  the  blood  which  passes  through  it.  It  has  an  internal 
opening  into  the  pcncariJium,  which  thus  communicates 
indirectly  with  the  exterior.  The  upper  part  of  the  bent 
lube,  lying  next  ihc  floor  of  the  [wricardium,  is  merely  a 
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ureter.  It  conveys  waste  products  from  the  gl&ndular  jurt 
to  the  exterior,  and  opens  anteriorly  just  under  the  place 
where  the  inner  gill  plate  is  attached  to  the  visccial  ma&s. 
As  already  mentioned,  the  "pericArdia]  glands"  probably 
aid  in  excretion,  and  possibly  the  same  may  tie  said  of  the 
mantle. 

The  Reproductive  Organs. 

These  lie  in  the  upper  pait  of  the  foot,  adjacent  to  the 
digestive  gland.  Ov-aries  and  testes  occur  in  difTereni 
aniniali,  and  the  two  sexes  are  dislingtiishable,  though  not 
very  diMinctly,  liy  the  Kreatvr  ahiteness  of  the  testes  and  by 
slight  differences  in  the  slicHs.  The  females  arc  easily 
known  when  the  larv.i;  b^in  to  accumulate  in  crowds  in  the 
outer  gill  plates.  The  reproductive  organs  arc  branched 
and  large ;  there  are  no  accessory  structures ;  tlic  genital 
aperture  lies  on  each  side  under  tliai  of  the  ureter. 

Autumn  and  winter  monllis  seem  to  be  the  usual  periods 
of  reproduction.  The  ova  are  squeezed  out  of  the  foot, 
and  ajipeftr  to  be  moved  to  the  cxhalenc  region,  whence, 
however,  they  do  not  escape,  but  are  crowded  backward  till 
they  pass  into  the  cavity  of  the  outer  gill  plate.  At  some 
stage  they  are  fertilised  by  spermatozoa  drawn  in  by  the 
water  currents,  though  it  is  difficult  to  believe  that  thit  i.t 
entirely  a  matter  of  chance.  Devel<>i>nieTit  lakes  pbce  in 
(lie  gill  cavity,  which  is  often  much  distended  with  larvie. 

Devtiufmtnt  and  Life  history. 

The  dcvelopmcnl  of  JtntteMa  dillrr*  in  renain  ik-UuU  EKum  ihat  of 
mntl  liiiiilvcx,  pcihapt  In  nilapLuion  In  froih  HHler  condllloiu. 
Moreover,  a  Imipomry  [anuitbni  of  ihc  Um  W  compliated  the 
lata  htosci. 

The  qu;  ivll  ii  tnirrnuiidccl  by  >  vllclUnt  mcrobnuie,  an<l  iitnclicd  to 
the  wall  uflhc  ovuy  by  ■  nunutc  atiilk,  thr  iiutrtiiin  uf  which  u  mukcd 
on  iho  tibentnl  ovum  by  >ii  aiNTlurc  or  tnlcraFT-lc,  thmugh  which  the 
>penD««n»ii  a\\jat~ 

Scgroenuiion  U  loul  but  unequal.  A  numlvr  ofxnuUl  dcsr  yolklc» 
cclU  MP  nipidlj'  ilividcfl  off  from  n  lnr»  yolk-containin|[  portion,  which 
li  iJowcr  in  (hvidlni;.  Eivmiully,  a  iuillowliall  of  ccIU  or  bliu-l<)t.[ihcrt> 
iMullii  IKIk.  110). 

Oil  the  p<«li-ri»r  tloiui]  rqeim)  a  iiunilcr  ai  UrKC  •.•■niiuc  cells  liilln  Ml 
intiTiwlly  oMittt  i<Ulc,  ihc  tic^iiiniiii'  uflhc  futiiic  shvll  nc.  A  )iurof 
lirec  cdU  krc  inlmdcil  inlu  Ihc  cciilml  cnrity,  .tnd  lv(;in  the  nicvHlcmi. 

On  the  iiiwlei  nir&CL*  ixnlcriarl}-  there  is  ii  !ili|>h(  priilniiuon  of  ciliated 
ccUtt  farming  a  cilialcH  mac.     In  fionluflhi*.al  an  ununuUly  late  stage. 


DBVALOPMBUT  AND  UFE  JI/STOKY. 


371 


an  bm^pMUkin  tMafclUtM*  ihc  anlicnt«(«e  umI  ihc  embryo  tmonwt  a 
palnla  (m<  Mg.  I30). 

The  iImU  mc  fbrau  an  embryonic  ihcll,  and  manir  <ir  Uic  niaanlcmi 
eelU  «iMibiMf  IB  an  aiMuclw  mniclc.  The  inoiuho41)w|;aMrukclo>c*, 
and  a  detiniw.aiouth  UWlacqucntl)'  fonucit  by  an  ircitidcnnk  inratpna- 
liim.  Giadaaljjr  a  Una  pecutiai  to  ftcJ)  w>itt  miuKU,  an<)  known  at 
a  OlochiiSnM,  i«  boali  b|x 

Thrc  Glochidiinn  hat  i«o  trlui|[ubr,  delicate,  and  poiox  idicll  vsItci, 
«ch  mth  a  tpiny  incorvrd  (oMh  on  lu  Tftc  <^S^-  The  valvca  cla|i 
tofilm  by  the  xtkm  of  Ihc  addudor  inuMlc.  The  matiilr  lobcfr  are 
very  VMlt.  ao'l  Iheii  nuiipai  beai  on  each  side  Ihrec  ur  feui  |iAI<hct  cd' 
triunrj  eclK  The  bot  m  not  )^t  developed,  but  from  the  pwilion 
which  il  will  aftmrudi  MCU|iy  there  hang  long  otlactung  threads  uf 


FlC  Iio.— [>evclopnicnt  ofAnodonta.     lAllei  tiil-TTIL) 

I.  Section  e(liU4»ph<>*.  U.  lUII  jtlanri:  «'..  cUiaM^dlN: 
*.,  UginningofMilodirmii:  iiiMKiftUiMi.  N«»  mroiim  an* 
initHoiilr- 

I-  Ijkltr  tl*^.    ■«-  ianorJtfln^ 

).  Evbrwnicfkhcll  hwiippcAnd. 

4.  Rlochhtium  lann  :  n««  brum  ihrrJilii  uid  ■•elh  on  'hill 

"  liyMll^"  which  moat  the  laiv».  If  it  tiuiui|-c  lu  anciuii  ilwlf  iin  the 
■all,  fins,  or  (iUi  ai*  Aih,  ihf  Clw-hiiliuin  titiiu  in  vtX-.a.  anil  fixet  iMcIf 
inoK  KcurelT-,  and  ii  loon  nurrouiiitcd  liy  a  |uiliolo|{lcal  gruwih  uf  'Ht, 
hod'*  tkip. 

In  Ihi*  parasitic  (tagc  b  remarkable  nuUiniurphu^  occun.  The 
aouDiy  or  lactile  paichct  not  unnaturally  diwpiww  ;  the  l^utu  and  the 
cmbtyonic  h}^^*  glanda  iiuilih,  but  ■  new  b^u*  gland  (which  temiiini 
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[|uUc  rudiineniary  in  ^lnMbnte)  ipivan ;  the  single  adilaaor  Uroplria 
and  it  icpWcd  by  two :  the  foot  and  the  eilli  nuk«  their  >ppc«Mnoc ; 
the  embrironic  mantle  loha  incrauc  8'tsily,  oi  u«  ic|J*iccil  bjr  fmli 
powlhi :  and  ihe  pcnauMM  ^cll  hqnn*  la  W  andc 

Aftet  thin  iiirtan»orphodt,  irbm  the  tura  hat  viftiMUy  faeoanw  > 
mluiuuK  oiluli.  no  \ai^/a  «a  kUiU  lc> !«  twopt  ■•V-  ■'  <l>i>1<*  bon  it* 
[ompomy  hon  to  ihc  MItOM  of  Ibo  |<i>nd  <at  n\t(  jool. 

CLunricATiox. 

Lamflliliianchi  *rr  iiftvn  claadfied  as  lblloir»,  the  eaqtlnuii  bein|;  Ud 
on  (he  wMuctoi  nnocirs : — 
Order  I.  Uomva.    A<l>h>ctor  muxela  ippctMfnwic)}-  diml. 

Siib-iitd«  I.     IntqprjjttUia.     Tlic  mafltlc'b  line  oT  aiisKlunenl  to 
the  shvll  II  not  hcokcn  by  a  unui  inlu  vdiich  iiihnlent  n&d 
exlalenl  dphons  majr  be  letiactrd,  but  in  most  these  ophcmi 
ate  pmenL     Ana  (Noah'i  Mt  ih«U),  Uma  and  Anadaml» 
(iTcsh   water),   Lutima,   Cyfrim,   CtrdiuiH  (cockle),   QvJoi 
(Ireih  water},  TUttum  (the  Ufga)  lonn). 
Sub-otdel   I.     Stnuintlu.     The  numtle't  Ifale  of  KttachiiicfU   10 
the  ihcU  it  inlteclrd  liy  i  uniu  into  *Udi  the  lanie  tlflu)tH«M' 
retracted.     I'nnii,  .l/tu,  ^oTR-afri  (■  baring  tavklvc).  Sttrn 
[nun  (hell).  Pkfilm  (liorer),  Ttrtib  (ihip  M'orm),  Atftrgitittm 
foHlertii^;  jiul  ihell). 
Orda  a.  \\*.TtMUHY\.     The  anleticn  adductor  h  much  uuallci  Ihm 
the   posterior,  uicl  nfJiont  nic  rare.     Mjlilni  (vilililc  muucll, 
Altaitia  (hunic  niaawf),  IJIhtdemm  (bom),  Orriiitiu. 
Order  3.   M■>^(0HVA.      Onv  odiliiciiir,   nu   tifthinL     C>i/rM  (<^irter), 
Whmvm,  /.inai,  FftltH  ('wcnll<)j]). 

IVtMneer.  howcvi-ii  lajv  emphaiii  <iit  ihc  nalim  of  the  gillti  an<l 
cUiuficB  a*  fbliiywi : — 
Order    I.    PliOTiiliKAKCltlA.      The    ^I    Manientt,   ainiii^l   in   1«« 

Older  a.  KitiniiANXiKIA.  The uill lilamentBlio panllrtkndaiodirMlad 
vei)lrall)r ;  Ihvy  aire  rcllcrted,  ojid  lutited  only  bf  ciliated 
inlFtliUni(-nUt  titiilgo.  if^. ,  Aitwvia,  Area,  Mytihii. 

Order  j.  I'tRUDOLA^tKU.iHSANCitiA.  The  gill  filamenli  are  loosely 
fonncclcd  by  coiineclit-e  w  vuculor  bri^lgei,  t.g.,  Avidia,  Oitria, 
pKltH. 

Order  4.  Ktii.AHEU.mftANcltlA.  The  cUI  AlameM*  arc  bounil  into 
plalc*.  01  in  Atn-Un,  CarJinm,  ifya,  Vtnmi. 

Onlet  5.  Ski-tihuakciiia.  The  uillt  Torai  11  renuukahle  muaculw 
trptum  ciiendiiq;  round  tin:  Uk«  from  iltc  nntarim  adthictot 
to  the  Kpanliun  uf  the  Vnm  laphtint.     Atvmjii  and  CiufidarU, 

Genkrai.  Notes  ok  LAM&buiiRAN'ais. 

The  oreant  uhich  mini  rfequeiilty  vary  in  dhcc  Mvalveii,  u  com- 
pared with  <*iwiilfu>/a,  an-  the  (ml,  the  plls,  the  ailductor  inu*cloi<  and 
the  BMMitk  tkitl.  The  fool  tvriei  much  in  liie  and  ihape  t  in  ^rta  it 
bM  a  flat  lole-tike  lut&cc  which  niEKati  Ihc  cree[«ag  foot  d  GuMfo- 
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pod*)  the  pcd^lghwJ^fCwItinwiiiMatoirepraaittdtyo  "(yui'* 
ghnd,  atiich  Hcnla*  Mttdriw  UtiAds,  wtN  wen  in  the  cdiUe  M—tl 
fJIMUu).  In  oyucn  Uk  faM  k  aUcBL  Tin  iitlli  ihnn  in  tmni^h^ 
lefla  «f  pxUticM.  fcoM  « tUgfa  hiitTlnckinK  nf  Kp«wtt  ^  Bhiain 
to  tkr  fara>«tlon.  by  CMDpUcaicd  pncaMct  J  "  ecwMnuam-,"  of  pbtc- 
Bkr  itraolMJWMdiailiKigot^awfciiftL  Thoe^nci^KaBR,  bowntr, 
Diiich  nwK  doMljr  rtfaied  loibemctkodof  nMriMaUaHoffOfinnJaa, 
vlrieh,  indeed,  b  pfotaUjr  la^d)'  pgrfbnntd  bjr  ihe  nuMfe  riuR.  The 
mnnUe  dtin  i*  «Acn  MMat  M  n  gnMa  oc  las  cucM  iwfcriothi,  Hid  is 
sAcamlaacnlMulmcMlbed  p— '— t'^  "  *-■-  —'««»—*  -■■Jial— u-t 
"dpkw."  Tine  iifhw  HMlMs  Mtnln  s  «anitdn»Mt  l«i«h: 
|1K]p  Dooof  capBdalljr  !b  fann*,  Mch  >•  My*,  aUdb  liiiv  fawkd  la  mkI 
w  tBudiM  wmebtiwTtmt in  woodoritOBc,«^.,/%ito».  ThaimiukMt 
qfthtnddnaot  MMclnnlfariBttMi*  fcir  rTawMintinn. 

Wc  mnjr  MioonU  vilh  the  ifaa^  IwbiU  and  itdtBUnr  tifb  of 
Ui«lvei(i|lbeawIeTelaped«Uei)rttebe»di«c>aoi  (a)i>w  Uiscnm 
cflhenlaie-KkeplbvhicbitBflfaod  panicle*  to  the  nouth:  uiHl^ltbe 
lUdi  daay  (hell*.  Wcbmjt  icaMMnblfuwciate  tbescand  otbci  bicunf 
Mractnrclf.f.,  tbe  atacBce  <ir  hod  cyo,  biting  oc  ruplBC  oi^WMi)  wjlh 
the  caodtlknt  uf  life,  wlihtM  ti«BU'  abto  l«  My  vctjr  («<GM«hr  wbM  the 
nkdoa  it.  It  HVOM  to  mqw  not  iBptotable  Ihat  ■lufgidi  bibiu  hkt« 
nondMite  ud  wriMd  renlt*  in  Ibe  cooik  of  fmentiani ;  tkM 
stntcun)  change*  pradnoed  bjr  nie  and  dkoK  of  pan*  a^  heM  eon- 
•dtatiooal  eoaMqncncti  <iiikfc  aSect  the  £"<■>  cell*>  <hal  la  to  m,  (be 
aftptln|.  To  cNhm  (he  adaptation  awm  to  Iv  wou  rcadilf  espUnsd 
a*  UM  Rwh  of  the  Miwal  tdeciiMi  tA  EmMaitc  gcmiMd  tanatioiM, 
whkfa  atiat  atucctbci  apait  from  fun<tia«  at  eniironBenL  la  ihinltinc 
•boal  the  ilaiJihiiiiM  of  hoiI  tavalra,  «c  niwl  boI  fatget  that  the 
hnti  bodu^ncm  and  vdieen  ue  very  aclm,  periMfH  ahnou  loo 
»oth«i  jminc  cmlmc); 

Siitt. — Mom  UialTes  a*  cvc«y  one  kiwvv,  lii-c  in  the  >ca,  and  lbd> 
nnae«itendi  from  the  Mnil  of  ()k  thote  lo  gKai  depila.  Tbcy  occur 
in  all  ntru  ed  ibr  ivotid,  Ibonch  only  «  few  lonnt  like  (be  edible  iiiwimi  I 
{ffytihu  tJiilii)cM  be  edled  eeamopoUUB.  Scnc,  HKhiaojMen^CM 
be  aecwMcmocI  to  bracki*b  aalcr.  The  frtth  watct  (onna  nqr  »*• 
found  ibstl  haUlal  in  iwo  ways — (a)  a  few  may  have  «(«el  tlowljr  nf) 
A«m  etiuarv  In  river,  frtna  irti  to  Ute  i  Drriatna  frfymrrfkm  In> 
been  carrkd  rm  ibc  bottom  of  ihira  fton  the  Black  Sea  to  the  riven  md 
canali  <>(  Northern  llnropc  :  and  it  it  Bkehr  tlu  aquMtc  birila  have 
aMilcd  in  dinribMing  Uitle  Uvalva  like  CytUi ;  it)  on  the  other  hand, 
it  i*  niMc  pcotiable  (Ml  the  deah  watei  buikIi  < l/oi^.  AmtdanU,  Itc), 
ate  feliea  of  a  turn*  whkh  inhAbUcd  tanaet  inbail  Ka*,  «f  ubi^  >omc 
lake*  arc  the  frothencd  midnc*. 

Between  the  active  Uma  and  Ptrltn,  whidi  iwioi  Xty  muiring  then 
ibtD  valv«B  and  oianlle  ftifs,  ami  Ihe  enlitely  (jiufTscent  «yilcf,  which 
haa  virlnaDy  no  looi,  there  are  many  <legtca  of  panivity,  Init  nxnt 
incline  towards  the  ojitcr**  habiL  Of  courae.  there  i»  much  iniemul 
activvy.  especially  of  ciliated  celli,  even  in  ihc  -moa  olnioiuly  dufopsih. 
The  CMkle  {Canliim)  luet  lit  bent  font  to  take  nnall  jumis  on  the 
Hind  ;  Ihe  laier  fah  (Mirn)  nnt  only  bnm  in  the  »nd,  nit  may  ntini 
backwards  bjr  aqidrting  out  water  frooi  wiiJUa  ihe  manlle  cavity  \  many 
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[*^.,  Ttrtth,  PMu,  Utitihrnm,  Xytafltaga't.  bora  hole*  In  Hone  or 
woiNt,  bul  wc  <lci  ciot  ccrlsini}'  know  huw ;  in  Ihc  grml  majoiUx  th«  (bol 
It  UM<I  fer  htow  ct«i;[nnc  motion. 

Th»  rood  consuls  of  Ulatonu  and  other  A\'ee,  Inhsamin  uiil  othei 
Protoeoa,  minuK  Cnutnoctuu  and  otgnue  ponidc*.  which  th«  citiary 
Rction  of  the  gilb  cniTio  from  Ihe  potlerior  end  of  the  sh«l]  to  ihe 
mduih.  The  nrahet  ue  IhciiMclvcn  tUcn  hj-  worm*,  dut  fUbcs,  (•»• 
Icropodi,  fitho,  bhdf,  and  «t<a  maiumilt. 

£(6  HiiUiy. — llic  CggH  trc  toniclimo  laid  In  ihr  wxler,  rilhcr  ficcty 
or  in  allachd!  rajnulra,  or,  more  frtijiirnlly,  the)*  >rc  fcrlitiiitil  liy  *(XT' 
nuitctM  ilrswnin  with  the  inhnknl  wnin,  uiil  ai«Bub*rqueiillyiihDltM*d 
within  Ihi*  XvAf  during  port  of  ihc  dnicliipnicnt.  In  the  UniooiiiBc  the 
rintuvoi  arr  retained  within  the  cavitlu  of  the  outer  gilli :  in  Cytlai 
und  ISsidium  ih«ic  oic  (pedal  hmod  chombcn  M  Ihc  luic  of  ihc  gilli. 
In  Cy<Ui  ihc  cmhryw  arv  nouriihed  liy  the  nuncmal  epithelial  cclli. 
ScEnicniftiioii  it  Alwajt  iineqiul ;  ■  patniU  may  be  fbnnt<d  by  inragina- 
lion  or  liy  (ivcrKcuwili,  ihe  two  CMf»  Iidng  eonnpctoil  liy  »  tcrlc*  ot 

Er«daiioiii>.  A  troclio<iiihvrc  Mii|;u  it  more  or  test  ciMny  inilicninl, 
ting  mom  olxioua  in  coms  where  the  ewi  are  laid  in  the  wrIct.  Tliu 
free  mimmiiu  trochotphere  becomci  a  vcliger,  and  this  is  modilicil  into 
the  adult.  The  fre^h  uaie'  form.^,  with  the  exception  o%  firtustnaf^j- 
m»rfia  in  which  ihc  haliit  14  tcccnlly  Kiiiiitcil.  do  not  |»bcu  (rcc 
swiinn>inc  laivn; :  Ihis  mutt  lie  regarded  ai^  an  xlaptaiioQ. 

/\ut  Hiitary  ^  Bivahvi.—'Eitn  in  Cumbrian  rock^  which  wc  may 
call  the  tccond  olden,  n  few  biiuIti-H  have  bem  ilisccnvreil  i  in  the 
Uppn  Silurian  they  become  abundant,  uid  nei«T  fill  off  in  numben. 
About  900O  extinct  and  woo  Uviog  species  wcie  catalogued  sonic  ymrs 
Bpo,  lo  that  wc  cvidcnlly  hare  out  foil  share  nom-.  These  «iih  one 
cloMne  RHihi:le  la  the  ilicU  seem  to  have  appcnjed  uflct  Ihotc  which  hai'e 
liM)  tuch  iiiukclc^.  1'hijR-  which,  &oni  thn  hhcll  markings,  teem  to  have 
had  Hn  cxtcnsi'in  uf  ihc  niantlc  into  ■  jiiotruMlilr  lube  or  i.iphon,  were 
alMo(laleiviii;in.  Tht  |>rctn>t  freihwaier  foniw  were  laic  of  iWH-ariug. 
Of  all  the  fbuiTlbriii.->  thcincst  remaikableare1>r(,-etwbic<l  i-UrIK  callM 
Hiffnrilii  (Rudistx),  who»  rcmnins  an-  oflm  very  afaunri nut  iiiilcpOAiin 
of  the  cholfc  period. 

Class  V. — C&TiiALopoDA.    Cutdefish. 
Esami)lcs :— .?r/»'(T,  CMofius,  Migo,  Aimfifis. 

The  Ctpkalopodi  are  bitaUraily  symmttri(al  frtt  tveimmtig 
Moihtta.  Part  ttj  the  fooi  has  (cmt  to  surrtMH^  the  htnd, 
and  is  diviJfd  into  numtrous  "arms"  tearJHg  ItntatUi  fir 
suekfrt,  Ancthtr  part  farms  a  partial  or  compUtt  lube — the 
"siphon"  tw  "fannei" — thnmgh  whieh  water  is  fartiNy 
txpelltd from  the  mantle  eavity,  drrving  the  animal  /•aekwards. 
The  museti/ar  mantle  flap  whieh  thelten  the  gil/s  it  posterior 
in  potitien  ;  the  viutral  hump  shows  la  traee  of  ipiral  (oiling, 
hit  is  elongated  in  a  direetian  anat^miealfy  dorsal  and  pMterior, 
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UUHf^  it  wiayptmtfarwardt  when  Ike  animal  fropth  itseif 
through  the  water.  Exctpt  in  the  Pearfy  Xautilus.  tAe  jkell 
oj  modern  farms  has  Ifen  tndoitd  iy  the  manfle,  and  is,  in 
tnml  tasei,  only  hinted  at.  There  it  a  very  distinef  head 
region,  fumithed  with  ryn  and  other  tenutive  ilructurts,  and 
the  nnmlh  htts  ttrong  bfaktike Jau's,  as  aito  a  «f€U  dtethped 
radu/a.  The  nertviti  system  shows  tensiderabk  sptaalisatidn, 
and  the  chief  gan^gUa  are  eotuentrated  in  the  head.  The  true 
body  eafily,  perienrdium  «/  other  Moilusis,  is  tuaally  tcell 
develiiptd,  and  Jre^uenlly  surrounds  the  ehief  orxans.  Except 
in  Natititus,  //  nimmunieates  with  the  exterior  by  the  nefihridia. 
T!he  vaseu/ar  ^stem  is  well  developed,  and,  exeefil  in 
Nautilus,  there  are  aeeessory  branehial  hearts.  The  sexes  an 
separate.  Development  is  direet.  In  hahit,  CephalopMds  are 
predominantly  active  and  predatory  ;  in  diet,  carnivorous. 


TYPES  OF   CEPHALOTOHA. 

First  Type.    The  Common  Cuttlkpisii  {Sepia  offianalii). 

Mode  of  Life. 
This  commun  ruttlcfi.th  is  widdy  distributed,  especially 
in  warmer  seas  like  tlic  Mcditcrranciin,  Unlike  the  0,-lopiis, 
which  usually  lurks  possivcly,  ihc  Sepia  is  an  active  swimmer; 
i(  moves  bead  foremosi  by  woildng  the  fins  which  fringe 
the  body,  or  it  jerks  iijclf  energetically  backwards  hy  the 
outt{u!ih  or  water  through  tlie  runnel  It  likes  the  light,  and 
is  Komeliines  attracted  by  lanterns.  The  beautiful  coluurs 
change  according  to  external  condiliont  and  inlcrna]  emo- 
tions ;  and  a  plentiful  discharge  of  ink  often  covers  its  retreat 
from  sn  enemy,  lis  food  includes  tish,  other  molluscs,  and 
crabs.  In  spring  the  (einalc  attaches  her  encapsuled  eggn 
to  sea  weeds  and  other  objects,  and  often  comes  fatally  ncitr 
the  shore  in  so  doing.  The  "cutties"  arc  caught  for  food 
aiid  bait.  Tlie  "cuttle  lx>ne"  and  the  pigment  of  the  ink 
bag  are  sometimes  utilised  by  man. 

External  Appeantme. 
A  large  Sepia  measures  about   lo  inches  in  length  and 
4  to  s  in  breadlh ;  the  body,  fringed  by  a  fln,  is  shaped  like 
n  shield,  the  iHroad  end  of  which  bears  a  narrower  hetK], 


IbU  tJac  Ofi  ft 

aamAe  Smmi 
(A>  iboic  Mtieal,  the  SMnl  ■■ 
MMbiafiMot.)    Them^all 
■Hnde  cvritf  aad  At  upbao  at 

dwondMal  sngfia  lie  in  ttv  bead 
tkc  AdI  He*  cooonlDd  ia  the 
and  tmadr  dmL 

Tbe  kkin  conttiai  nmnerout  sctivdy  cteBftfal  pigtncnl 
cdk  Of  chnMnaiofibcire*  lying  in  the  cowDBCtive  ttssoe 
beneath  the  epidinm.  Each  cell  is  mwoded  bjr  the 
contnrtKm  <rf  fine  musck  fibres  which  nidixte  bora  it.  and 
contrarti  when  thv  fibrci  relax.  It  is  probable  that  these 
cbniout'jph'ifc  cclU  have  •ouMprotoplMaHC  ^Mxitaneinr  of 
Ihdr  uwn,  Ihii  iIk  controllinf;  fibres  seem  to  be  aBetxta  by 
nervuiM  im|Miliic«  fmm  the  central  i^anglia.  As  the  cell* 
dilate  or  cuntract  the  pigment  is  diOTuscd  or  ooacentrated. 
and  the  coloun  change.  The  anitnal's  beauty  is  further 
enlur»ced  by  numeroct  "iridocyns"  or  modified  connectirc 
lliwue  cell*,  with  fine  markings  which  cauw:  iridescaKS. 


I 


Muuular  Syittm. 

Thi;  ciiltlcrith  is  very  muscular,  notably  about  the  armSt 
the  iiiuntli:  flapt  and  the  >aws.     With  i^rcat  iiuickoest  it 
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seixes  its  prey  by  throwing  out  tu  Iwo  long  arms,  which  ate 
often  entirely  retracted  within  pouches.  With  greit  force  it 
jerks  itsdf  l»ckwanls  b)-  contracting  the  tiunlU;  cavity,  and 
imking  the  water  gush  out  through  the  pedal  funnd.  This 
mode  of  locomotion  is  very  quaint  At  one  time  the  mantle 
cavity  is  wide,  and  you  can  thrust  your  lingers  into  its  gape  ; 
when  about  to  contraa.  this  t;ape  is  closed  by  a  strange 
double  hook  and  e>-e  arrangement ;  contraction  occurs,  and 
the  water,  no  longer  ftc:e  to  leave  as  it  entered,  gushes  out 
by  the  funm.-!,  the  Imsc  of  whii'h  is  within  the  mantle  cavity. 
Another  muMruUr  do'do}>in<;iil  is  intcrcsling,  that  of  the 
suckers  on  lh<;  .inns.  They  arc  muscular  cups,  twme  on 
little  stalks  (unsialkcd  in  Odoptu,  ^(.\,  well  inncrv-aicd.  and 
able  to  grip  with  a  tenacity  which  in  the  giant  cuiilcfishcs  is 
dangerous  c^xn  to  men.  The  inner  edge  of  the  cup  margin 
U  supported  by  a  chitinoid  ring  bearing  small  teeth.  Each 
cup  acts  as  a  sucker,  in  a  fashion  which  la.s  many  analogues, 
for  a  retractor  muscle  iiKreases  the  si^  of  the  cavity  after 
the  margin  has  been  applied  to  $o<nc  object.  'Wk  external 
pressure  is  then  greater  than  that  within  the  cup,  and  the 
little  tc<cth  keep  the  attachment  from  slipping. 

It  seems  likely  lliat  the  arms  represent  a  propodium,  and 
the  siphon  a  mesopodium,  and  a  valve  within  the  siphon  has 
been  Go«i|ured  to  a  metapodium. 

Skelelai  Syttent. 

An  internal  skcli:ton  is  represented  by  supporting  cartila- 
ginous phtcs  in  various  parts  of  the  body,  especially  ('i)  in 
the  head,  round  about  the  brain,  arching  over  tlic  eyes, 
enclosing  the  "  ears '' ;  {fi)  at  tlie  bases  of  the  arms ;  (i')  as  a 
crescent  on  the  neck ;  (J)  at  itie  hook  and  e)'e  arrangement 
of  (he  mantle  flap)  \e)  along  the  fringing  fins.  Riuuified 
"  stelUie  "  cells  lie  in  the  stnicttirck-ss  transparent  matrix  of 
the  cartilage. 

On  the  shore  one  often  finds  the  "cuttle  bone"  or 
s^ostairc,  which  is  sometimes  given  to  cage  birds  to  peck 
at  for  lime,  or  used  for  polishing  and  other  purposes.  It  lies 
on  the  dorsal  side  of  the  animal,  covered  over  by  the  mantle 
sac  In  outline  it  is  somewhat  ellipBCHdal,  thinned  at  the 
edges  like  a  flint  axe  head,  and  with  curved  markings  which 
indicate  lines  of  growth.     In  llic  very  young  Se/ia,  it  consists 
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wboUy  of  the  orgaBtc  buis  oonchioUn,  but  to  thti  lime  is 
ftdded  frotn  the  wslU  <if  the  sac  Between  the  pUtcs  of  lime 
there  is  gu,  and  though  the  stracturc  may  girc  the  cuttle 
soaie  stanility,  it  is  probably  of  more  use  as  a  float. 

Intermmi  Afptttrmmet. 

When  we  cut  open  the  mantle  flap  and  Told  the  halves 
back,  we  at  once  see  the  two  pJume^ike  nils,  and  the  lovrer 
«f>d  of  the  siphon.  The  dark  outline  of  the  ink  bag  followed 
along  totrards  the  head  leadx  our  ejres  to  the  end  of  the  food 
canat.  Near  this  are  the  cKlcmal  a|ierture*  of  the  two 
ludnej-s  and  of  the  genital  duct.  On  each  side  of  the  base 
of  the  funnel  lies  a  svtj  \m^  and  unmistakable  "stdlMe" 
ganglion.  Remoring  the  skin  as  carcfult)-  as  posable  over 
the  whole  risoetal  region  between  ibc  gills,  and  taking  pre- 
camions  not  to  burst  the  ink  sac,  we  see  the  median  heart, 
the  saccular  kKlne)-s,  contractile  atnictures  or  branchial  hearts 
at  the  base  of  each  (!;ill,  and  (he  essential  reproductive  organs 
i»ear  the  apex  of  the  visceml  roast.  Disiurbinj;  the  arrange- 
ment of  these  organs,  wc  c^-in  follow  the  food  canal  with  its 
stomach,  digestiTe  glnnd,  iVc. 

NtrvMS  Systtm. 
Three  pairs  of  ganglia  surround  the  gullet, — cerebnl  on 
the  dorsal  and  antenor  stdci  pedal  and  pk-uro-risccral  on 
the  ventral  and  posterior  side  (Fig.  1 18). 

Tba  cvrclml  CkD)^  are  three  lobeil,  and  ue  c«nii«clc<J  Mitcrioily  Inr 
two  EooiBuunm  with  m  "niim'pfaa^ncval"  ptngliaa,  which  civw  mT 
MTKa  (o  th*  moiUh  ukI  lipt.  ud  »  cnuwcud  abo  with  an  "inta- 
ptMniKeal "  gui^ioa.  The  ccrehtal  aucU*  are  abo  connected  bjr 
thott  doabk  cuonniBBuei.  wiih  the  pMkb  and  pkufo-TBoetab  on  the 
nuiml  lidc  of  iIm  piIlcL 

Ttw  fbllowinc  chx-f  ncti-n  *re  given  olT  &cnn  (he  ccnuml  qrttcm  :— 
0)  The  ««;  thick  opik  nctvaue  gliran  off  from  Ihc  coBnoimue* 

optic  BMclkin  at  1h«  bue  gf  each  rrc. 

(l)  Ten  ncrvfsio  the  "«niM''MOpvtfii<fl'  !>>'  (h«  wiUl  guifiBan, 
and  ibii  b  (hqc  oI  the  leataoa  whjcb  Iwvc  In)  moat  morpho- 
lo^i la  R^fil  (beae  annt  M porttont v( the  "feet." 

(3I  Tw«  Hip  nerrca  (ram  tbc  aNn  VMitnl  potioa  of  the  picuro- 
viMoal  Koac"*  '"'*'  ••"bcmaJ  toof^  and  give  on  many 
bwmthta  tu  tlw  gUI*  aikd  nthci  ot^s»-     Fioai  ibc  iilcuni 

eka  artM  (wo  mMiulc  dmw*,  nch  <^  which  cn>b  in  a 


SmM  OrgoHt. — ThF  cjes  are  lain  and  cfSdtnI.  The>'  jinMnt  a 
nrlkJnK  mranhUncv  lo  Ihuic  ofVctt^nain,  and,  u  ihey  urc  not  "  brain 
cy«j"(hey  illiutrate  htw  lujicrliciaDy  limilar  iliuclurei  may  be  devclopeil 
in  ilifferrnt  onys  ind  in  [liTet][cnl  ^niup>.  In  cullIefUha,  ihe  eyes  lie 
on  the  «dA  of  ihc  hml.  prolMlcd  in  oui  l^  ihc  catlllnBc  nirroundlng 
the  btaia,  and  in  put  by  canllaoet  on  their  own  "lall*. 

The  «ye  a  a  nenaitive  cup  arUnK  In  p>Ml  |nrl  from  tlir  kkin.  Iti 
intonai  lining  in  a  complex  r«liiu,on  the /«/(n«rkurbcuuJ  which  llic 
ncivafjom  tlic  optic  giuigliun  aic  dUuiliated.  In  iheoiityof  ih«<u|> 
there  It  a  clear  vtlitoiu  humour. 

The  mouth  of  the  cup  is  closed  by  a  lent,  nippocled  by  a  "ciliary 
body."  The  lens  ieeroi  to  he  (oraied  in  two  parts — xa  outer  tsiA  ati 
inner  ptana-convex  ietn.  The  pupil  oi  hole  in  Tiont  nf  the  leni  xt 
friniMa  by  a  oanttKtile  liii.. 

TDc  outer  wall  of  the  opilc  cup  li^  enitheathed  hy  a  Mrong  mpponinc 
layer — the  tclcrfiiic,  which  iii  In  mri  i(reni;ihrneil  I>y  cartjla)^,  covereO 
I7  a  »llv«y  nienihrane,  aurl  cijiilinin.-i!  inl"  Ihi:  iri*. 

In  hant  of  tlir  rye  there  ii  n  Inuupiuent  comea,  and  Ihc  ikin  alw> 
fomu  proUclini;  lidk 

KouikI  about  ihe  optic  gnnjiliou  there  a  a  iitttnE^  "while  body," 
which  vemi  lo  be  ■  fitly  cuihion  on  whid)  the  ej-e  rctis. 

The  iwoeai  wen.  cniiiniuini;  a  tpherical  ololilhnnd  1  fluid,  Mmictimc* 
wllh  calcareDot  partlclci,  *to  cnclowd  in  |art  of  Ihe  heiirl  c9utiUKe>  clow 
liy  the  ytAaX  pa^x.  The  norvn  seem  lu  comi.-  fitim  the  pcdab,  but  it 
i*  Mill  ihat  their  l)bi«g  mn  be  tracnl  up  to  Ihe  cetebtali. 

A  cilialed  "olfactory  ac"  lies  behind  each  eye.  and  is  innenWe<l 
from  a  special  pnglion  ne«t  (he  optic.  There  ore  no  oiphnulia  of  the 
unj>l  type. 

Fbulfy,  there  ate  tactile  or  othcrwlic  Nenxltlve  celU  an  various  pofts 
of  the  body,  cupocially  about  the  ana*. 

AUmttttary  Syiltm. 
The  cuttlefish  eau  food  which  requires  tearing  and  chew- 
ing, and  this  iH  effected  hy  the  chitinout  jaws  worked  b]r 
strong  musclcx,  and  Ijy  lh«  toothed  mdula  moving  on  a 
muscular  cushion.  The  mouth  \k%  in  Ihc  mid«t  of  the  arms, 
bordered  by  n  circular  lip,  Through  Ihc  ganglionic  moss 
passes  the  narrow  gullet,  which  leads  into  [ho  globular 
stomach,  lying  near  the  dorsal  end  of  the  body.  The 
stomach  is  followed  by  a  caecum  or  pyloric  sac,  and  the 
intestine  curves  headwards  aj^ain  to  end  far  forward  in  tlie 
mantle  cavity.  There  do  not  seem  to  be  any  glands  on  the 
tnlls  of  the  food  <:anal,  the  .ttomach  has  a  hard  cuticle,  the 
digestion  which  takes  place  thcrv  must  therefore  t>e  due  to 
the  digestive  juices  of  (he  glandular  appendagc^t.  Of  these 
the  most  important  is  usually  called  the  liver  1  tt  is  bilobed, 
and  lies  in  front  of  the  stomach  attached  to  the  ccsophagus. 
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Its  two  ducts  conduct  the  digestive  juice  (o  the  redon  where 
stomach,  "nyloric  sac,"  and  intestine  meet,  ai>d  tfieu:  duels 
are  frii));ed  ny  numerous  vascular  and  glandular  appendages 
which  arc  called  "  |«increaiic,"  though  in  reality  fomicd  as 
an  outgrowth  of  the  ne|>hri<iix  Far  forward,  in  front  of  the 
large  digccci\-v  gland,  tie  two  small  irhite  glands  on  each  sid« 
of  the  gullet.  Their  ducts 
open  into  the  mouth,  and 
their  secretion  conuins  a  diss- 
taiic  ferment.  At  the  other 
end  oi  the  food  canal,  the  ink 
sac  full  of  bbck  pigment,  pro- 
Inbljr  of  the  nature  of  waste 
products,  opens  into  the  rec- 
tum close  to  the  anus.  'I'his 
ink  sac  may  he  called  a  much 
enlarged  anal  gland,  for  while 
most  of  the  bag  is  made  of 
connective  tissue  and  some 
muscle  fibres,  a  distinct  gland 
it  con&tricted  off  ai  the  closed 
end,  and  the  nerk  is  aUo 
glandular.  Fia.  ui.— DL^^m  <d  the 

dructure  of  Stfia.     (M4inly 


a.,  IB|hi  Aan  uiu  ■nauii  aMih : 

at  lb*  (MWdi;  t^.,  ttrrtnl  iUClia 
vlih  t«aMBla«u*>  M  iIm  Mbwi:  M-t 

■tvrracfc ;  *^  «nji ;  A,  •bu  lAtf 

■iih   HpiMuln;  »..  Ulovr:   If-, 

Knr«4iKIin  «tan;  trM,  knadU 

i«n:«.,aKDi;  it.,bitiiiti  m^. 


Vatmlar  System. 

The  blood  of  Sefiia  is 
bluish,  owing  to  the  presence 
of  heinocyanin  in  the  serum ; 
the  blood  cells  are  colourless 
and  amoeboid.  The  median 
but  wjBMwItti  oblique  ven- 
tricle of  the  heart  drives  the 
blood  forward  and  backward  to  all  parts  of  the  body. 
It  reaches  the  tissues  by  capillaries,  and  apparently  also 
by  bcunar  spaces.  The  venous  blood  of  the  head  region 
i$  collected  in  aii  annuUr  ainus  round  the  basis  of  the 
anns  and  putcs  towards  the  heart  by  a  large  vena  cava 
which  divides  into  two  braitchial  veins,  oovered  by  sponcy 
outgrowths  of  the  ncphridia.  Joined  by  other  vends 
from  the  apical  region  of  the  visoera.  each  branchial  vein 
enters  a  "branchial  bean  "at  the  base  of  otcfa  gill,     lite 
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branchial  heart  is  contractile,  .ind  dnVc-s  the-  venous  blood 
through  the  gills  whence  purified  it  returns  by  two  contractile 
auricles  into  the  ventricle.  There  are  valves  preventing 
back  How  Trom  tlie  ventricle  lo  the  auricles,  or  fioni  tlie 
arteries  to  the  ventricle,  lleside  each  brancliial  heart  \\k* 
an  enigmatical  glandular  structure  known  as  a  "pericardial 
gland,"  [loiwibly  an  excretory  or  incipienlly  txi-rctory  organ, 
The  cutitxc  of  the  blood  differs  Iroin  ih.it  in  the  mussel  and 
snail  in  this,  that  none  rt.-tt]rn«  lo  the  heart  except  from  the 
respiratory  organs.  In  ibc  ncphridt.1l  outgrowths  around 
the  branchial  veiixs  the  intcrcstiiig  parasite  DUyema  is  found. 

Rtipiratory  System. 

The  blood   h   purified  bjr  being  exposed  on  the  two 
feather-like    gills   which    are    attached   within    the  water- 

washed  mantle  <'4ivity. 
The  water  penetrates 
them  very  thoroughly ; 
the  course  of  the  blood 
is  intticate.  At  tlie  liasc 
of  the  gills  there  ii  some 
glandular  ti)>Mie,  which 
those  impatient  with  enig- 
mas have  credited  with 
blood  making  powers. 


Fid.  I3&— Dtagntin  of  elmiWoiy 
■nJ  eicreiory  tyitciin  iii  ■  Drcijimf. 
Hke  StfU.    (AfiM  I'Br.sRSBBB.} 


E-Xirtiory  Sjtiem. 


The  excretory  ).ys(  cm  is  iliAi- 
cnll  lo  iluMcl  anil  lo  uplaln. 
On  toeh  ade  at  the  iuiiu>  there 
iia  lilllc  iu|ii1la  t)ir<iii|;h  uhich 
uric  ncl'l  uiA  -iihri  vuult  )>ro- 
ductb  <Kvc  (Hit  Inlii  llic  mantle 
cnvll^,  oDfl  to  into  the  wMer. 
A  ImMte  innCTteH  into  tiiher  of 
Ihoe  two  [upillsF  trails  inios 
large  Hc— Uic  ncphridial  <dc 
Itut  the  two  i»a  are  unitnl  tw 

two  brideo,  and  they  ptt  off  an  unpaired  dona]  e1on|[Dtion,  whtcn 

cxlefiiK  a>  far  Inck  lu  ihc  ri'iiioductivc  otguw. 
Tlic  diirsal  null  nl  e-Mh  nephndiol  mc  necomra  IntinuUcly  aMLi^lHlcii 

wiih  i)ic  hiAiicliial  vcint,  and  fellom  Ihtb  oulltnc*  bithlully.     It  'n 

likely  ihnl  woBte  material  PMSCi  Ihnn  lb*  lilood  through  (he  tpongy 

appendi^ci  intu  the  ncphiMial  acfc 


1,  Gill ;  r.  niul  cat ;  3,  aff<nnf  btani^^ial 
•ew)^  4.  t^tini'hUl  tirart^  i,  AMamJiui 
win  I  A,  naul  ;  t,  prriutnliunj  1  f.  jffrillAt 
«fliui;  a,  patttna  v*a:  ta,  "Aunclc"; 
III  glanoDlit  Apptndag*  of  ttranchial  hurt ; 
tt,  mul  ■ppcndatB  41  bnuiclual  viin;  ■), 
nicnuijkpinun  ot  kidney  ;  t4,v«nAava; 
■5,  ■nitrler  nonii '.  ■«.  hirgmilen  of  vwu 
cam;  i^. RiwpBriutdUlipcnun. 
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InM  Ihc  lamiaaJ  ponkoi  of  c*ch  ncphrldJiJ  tac,  s  lillk  below  itt 
ft|icnui«  >t  ihc  uiinoiy  jmnilb.  thctc  opens  liy  a  dliUed  (iiDitel  tUMUwr 
lAC,  which  ij<  viiiiiiilly  Ihc  tMcljr  aviiy.  It  tuiToundi  the  beut  uiid  Mhcr 
orenns  ui'l  ik  oftm  called  the  vitccrv-ptrkardial  cavity.  Ttiraugti  the 
kiitncy*  ut  ncphridial  lacs  it  is  in  commanicUMn  with  Ihc  exterior. 

fiffiroductive  Sysltm. 

The  sexes  arc  separate,  but  there  is  nol  much  external 
difference  between  them,  though  the  males  are  usually 
smaller,  les§  rounded  dorsally,  and  with  slightly  longer  anns. 
When  mature  the  male  U  easily  known  by  a  strange  modifi- 
eMton  on  his  fifth  left  ann.  The  essential  reproductive 
organs  are  un[>aired,  and  lie  in  tlie  liody  ca^nCy  towards  the 
apex  of  the  visceral  mass. 

The  Icslit — an  oval  yetlowidi  orwi— lies  tttxXy  in  a  pciilgncal  MC 
ncu  Ihc  apex  orihc  viiccnil  ouLs.  Tnun  IhU  wc,  the  tpErnialoraa  paM 
itliinj;  n  closely  iwistcd  durl — (he  viu  ilelfeent.  Thlt  cxpaodf  (nto  a 
IwoJuhl  "  MmiiMl  Teiiclc,"  and  giirct  off  two  blind  oul|;rowtbK,  cd  which 
one  M  callol  tltc  "prodatc."  TYx  pbyiidogical  inlcrcU  c^  IhcM  puta 
U  that  Mithln  them  the  »|)cnnatQ«oa  begin  to  be  arrangtil  in  p*clc«t& 
In  thit  furm  they  are  founil  within  the  next  reGion— the  ipennaiophMe 
ac  which  oficM  to  the  extnHot  to  the  left  of  the  aou*.  Each  ipainalo- 
[ibarc  i>  like  ■  tiaasparml  worni  of  mmplcx  urudure.  Think  of  a  little 
f hiB  lube,  closcil  at  one  end,  dnwir  oal  and  (omcahal  twlitcd  ail  lb* 
Other  I  Kc  widdn  the  tube  at  the  cloaeJ  end  a  lias  of  ilnu  Ulachod  ti> 
ami  leit  la  ilx  pUoe  t^  a  lort  of  tfiiial  tpring ;  t£l)  b  pnveiunl  dam 
eipanllng  liyihebcl  thai  ilaupjxr  md  i*  (bud  lifonMnlin  Ibe  moath 
of  the  tube.  Supiwac  ibcMinent  W  wluHe  in  water,  and  that  the  tiny 
machine  Iw  Ihtown  into  a  bMJo,  (he  ifiring  will  exjianil  violoilly  m  the 
CCMCM  ii  dinolieil,  anil  tlw  Ing  o{  ihul  nil]  lie  lorn  nit  and  loutoeid. 
Somewloil  siinilat  but  moee  complex  ii  the  ipcimalonhon— wUh  it* 
dent  tatK,  Iti  coMoiacd  hof;  of  ipemitoeca,  lu  iphi^-tilc  ananncBMnl. 
MhI  >I>  cxplMivenew  in  water.  Ereii,  Indeed,  uei  your  K^liict,  tu  tma 
Arf  tldtc.  ilinw  alniiiee  Iwl  cAdent  honU  wiU  milode.  n>r  liticmteil 
iprriuiitiitijn  air  of  ihr  uuial  ton. 

The  iivmrx— a  larcr  runniM  atilto  a*f«i— lito  freely  In  a  peritoneal 
we  iinu  llin  •[wi  o(  ihc  iWi-ral  imaa.  Ftvm  thii  lac  Itic  rgp  p«» 
alunc  ■  (hull  ihrcct  nvlilad,  ohich  ofnn  into  the  mantle  oaiity  to  the 
left  of  ilie  amt.  Auueiateil  with  the  nvidnet,  and  pouring  vlickl 
■cctrllimbiloli,  me  two  larce  "  niiUnKMal  (■linda,"offi>liatc<l  ilructnrc. 
OnM!  boriile  ihcae  are  accwMHy  cUmlk,  i>f  ■  irildUi  u  jreUowUt  coloaa, 
with  a  niaiUan  and  toyi  latnal  lolm :  while  at  the  very  mhI  of  iha 
nvhhKi  aM  two  moee  ^laMda.  All  aernt  lo  coiilribalc  to  IIm  ntowl 
•1^nwMortha«cK. 

Ttw  fpnraatopiMm  fwa  (torn  the  cmlial  duct  of  the  Bole  to  the  ifth 
laft  aim,  which  brcoiMOCOvtfedirilJi  llieniaad<pM>all)iHKidifcJ.  lUt 
t*  laaal  *f-*^  cwtllaMi,  todeiMl  in  ■•««,  (./.,  AtxnmMa  and   7)vm- 

'      «,  Ih*  aloiblini  onn  with  ii*  ImuI  of  qtennataBoa  l»  iliKlMUfcd 
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boiSlv  inlo  llic  nuiillv  caiily  uf  llic  fi'iiuilc.  Tliito  ils  itiicncren 
deiaibcci  il  w  a  puiuilic  wonn  "  tirfltftty/ni."  The  I<nl  una  a  &f(cl- 
midf  Rsaicmtdl-  In  Stf'i.t,  ho«ei-er.  the  mtdiScd  irm  is  noi  dU. 
duiccd.Lul  Uiimpl)'  (Imiil  bioihc  nuntlc  otiily  of  ihc  fcinalr.  Thr 
(pttmalophorct  protnlily  enlet  Ihc  oviiluci  anil  bunl  there. 

Ths  qX»  when  tai<l  nic  I'nclowil  within  jw|nn(c  bUck  opMtlea  con- 
uining  nUlinoiis  tliilT.  Imt  Ok  «t>llu  of  the  »|hu1c  are  Hnilcl  to  thtt  a 
bunch  of  "  tea  t^ntpn  "  mulu. 

Second  Type  of  Cephalomda.     The  Pearly  Nautilus 
{Naulilitt  pompiUui). 

The  shells  or  the  pearly  nautilus  arc  coninion  on  the 
shores  of  vaim  sca§,  but  tlK*  animals  are  very  rare.  Natu- 
ralists do  not  Bceni  to  Vnow  how  to  get  them,  though  thv 
natives  of  Fiji  and  New  Hebrides,  who  appreciate  their 
flesh,  trap  them  successfully  in  lobster  pota  baited  with 
cnistacean  or  sea  urchin.  The  aiiinul  creeps  or  swims 
gently  along  the  bottom  at  no  great  depth,  iuid  its  appear- 
ance on  the  surface,  "  Boating  like  n  tortoiscshell  cat,"  is 
probably  the  result  of  storms.  It  is  called  "  |»c-arly  "  on 
account  of  the  appearance  of  ihc  innermost  layer  of  the 
shell.  This  is  exposed  after  the  soft  organic  stratum  and 
the  median  bt)'cr  which  bears  bands  of  colour  have  been 
worn  away,  or  dissolved  in  a  dolphin's  stomach,  or  artificially 
treated  with  acid. 

The  beautiful  shell  is  a  spiral  in  one  plane,  divided  into  a 
set  of  chambers  i"  ^"^  '^^'  ^'^  which  the  animal  lives,  while 
the  others  contain  gas.  The  young  creature  inhabits  a  tiny 
shell  curved  like  a  horn ;  it  grows  loo  big  for  this,  and 
proceeds  to  enlarge  its  dwelling,  meanwhile  drawing  itself 
forward  in  the  older  pan.  and  forming  a  door  of  lime  behind 
ft.  This  process  is  repeated  again  and  again ;  as  an  addition 
is  made  Jn  front,  (he  animal  draws  itself  forward  a  little,  and 
shuts  olTa  |Mirt  of  the  chamber  in  which  it  has  been  living. 
The  cocnpartment.s  .teen  on  a  divided  shell  arc  not  exactly 
successive  chambers,  they  ak  /nutwiis  of  successive  cham- 
bers abandoned  and  (Minilionnl  olT  as  more  space  was  gained 
in  from.  Moreover,  all  the  compartments  arc  in  communi- 
cation by  a  median  tube  of  skin — the  siphuncle — whidi  is 
in  {lart  calcareous. 

It  has  been  suggested,  tliat  "each  septum  shutting  off  an 
air-containing  chamber  is  formed  during  a  period  <S  quiee- 
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cence,  probably  aAt-r  the  reproductit'e  act,  when  ihe  visceral 
ma-sK  of  the  Nnuiilus  mav  be  slightly  >linink,  and  gas  is 
secreted  from  the  doiMl  intcKuniiMit  so  h  to  Gil  up  the 
^pacc  previously  occupied  by  the  animaL" 

The  only  oihcr  living  Cephalopod  which  has  a  Khell  like 
thai  of  ihc  Nautilus  is  ^iniin.  In  this  foim  the  shell  is 
again  chambered  and  spirally  coiled  in  one  plane.  But  it  is 
without  a  siphuncle.  and  lies  enveloped  by  folds  of  tbc 
mantle. 

Then  can  ht  no  confusion  belvreen  the  1>cautiful  shell  of 
the  ciittleli.sh  oiled  the  paper  Nautilus  {Argammfa  ar^) 
and  that  of  our  type.  For  it 
is  only  the  female  Aigonnut 
which  bears  a  shell,  it  is  not 
chambered,  and  is  a  shelter  for 
the  eggs— a  cradle,  not  a  house. 
It  is  usually  slated  lo  be  formed 
by  two  of  the  anus,  but  it  secuis 
doubtful  u'hether  ft  is  not  in 
reality  <lue  tu  the  activity  of  th<: 
mantle. 

It  is  insiiuclive  also  to  com- 
pare the  Nautilus  shell  with 
that  of  some  Gastcropods,  for 
there  also  cliambers  may  be 
formed.  liut  these  arise  from 
secondary  alieratloni.  of  an  uri- 
giiully  i.'Ontinuou)i  spintl.  and 
the  re»emblance  i*  never  very 
Striking.  The  fresh  water  snail 
PlaH^rhit  has  an  unchanibcred  shell  si»nilly  coiled  in  one 
plane,  but  in  Ibis  and  in  simitar  (laslcropods,  the  foot  is 
turned  towards  the  internal  curve  of  the  coil,  while  (hat  of 
Nautilus  is  directed  cxicrnally. 

There  are  only  about  half  a  dozen  living  species  oXNaMtilus, 
but  there  arc  many  hundred  fossils  of  this  and  allied  genera, 
lliis  list  is  usually  swelled  by  the  addition  of  the  extinct 
Ammonites,  t>ut  there  arc  some  reasons  for  believing  tluit 
these  belong  lo  the  cult lefish  section  of  Cephalopods. 

The  following  table  stales  the  chief  points  of  distinction 
between  Natililut  and  the  other  scries  of  Cephalopods. 


Scclion  r/  ibell 
iVfin  l..eM>KN- 


CLjISS/F/CATJON  of  CEPHALOi'ODA. 


J«S 


Cephaujpoda. 


TcnUtMNCHIAT*  (.%'•■»/■(). 


Ail  cMlncl  esiMpI  one  genua — 
NaKtilvi:  the  eillnci  forms  air 
uiually  tiuikeil  m  Nauliloiri  And 
Ammonoid. 

Stkell  cxicn»l.  chaiiiliercd.  iliiighl 
orbmiortpirajlycoitcd.  Thai  in 
wblcb  .\aulilmi  liv«  hni  burn 
d«*Cribnl,  wilh  ■«  niphiHicIr,  |pi». 
containing;  com  poriincnii.  Ac, 


lllc  part  of  ihe  fool  nirraundlng  ibc 
moiilh  limn  a  laiv  niiiotw  of 
lobe*,  which  cairy  tmlocla  in 
liiUo  ihmht,  but  no  tucken. 

The  Iwo  mid  loba  of  ihe  foot  form 
X  trph(iii.  1)111  (liey  itt  nol  fiuod 
inlo  i  luhc. 

Thr  eyr  n  Hilhoul  x  1cn>.  and  it 
biuhRl  inlFTnnlly  by  rta  walcr 
which  alien  tqr  a  irontl  pinhole 
apertute.  There  an  tira  "ot 
plinuUa"  or  imdllng  palchei  aX 
the  bwM  of  Ihr  tttW*. 

Two  pain  of  gitu  i  (wo  pain  of 
nnhridia;  two  Rnitol  diicu  (Ihc 
len  rodfmPnlmy): 


The  cdlome  uc  opcni  directly  lo  ihe 
exterior  bj^  Iwn  Bj-icflu/ci. 

The  heart  hn*  t«-o  iiaiiii  of  auricln. 
utd  Iberc  arc  no  bmnchial  hcani. 
No  Ink  bof.    No  aalirnry  glands. 


Dl  «*»(.■■  IAT«  (.SlT^.  OlU^ta,  *v.). 


Niimotoiu  living  eenera,  rankied  u 
Ucupodi  or  Oclopodi ;  ntong 
wilh  the  fionno'  Ute  exlincl  ivr 
emnliei  ore  included. 

No  tivinv  Diliranclliata  livn  in  a 
shell.  Tbie  ihell  i*  InMmal  even 
in  the  citiftct  Betnnnlles,  and  In 
modem  (drmi  it  occun  in  variou* 
degits  of  degencttttloa  (cf.  £/fr> 
■/.I.  Sifia,  Leiief)  or  it  iluitc 
absent  (Octopodo). 

The  part  of  the  foot  (uiroundlng  the 
mouth  u  divideil  into  ten  or  eight 
arm*,  which  cany  tuekera.  sulked 
in  DocapaU.  mmIIc  in  Ociuiiocli. 

The  two  mid  l«b«  of  the  foot  fine 
to  forma  oomplelelycloiicillubuUi 
tipbon  or  funnel. 

The  eoverin):  of  the  eye  iiuy  b? 
perforated,  but  the  mouth  of  the 
retinal  cup  is  cloned  by  n  lens- 
There  nie  no  oiphnuUa.  thou|{h 
Ihcie  majr  be  "  oltactoty  pits" 
Iwhlnil  llie  ryr%- 

One  (air  of  gills:  one  pair  of  nepb- 
ridial  sacs ;  two  oviducii  in  Ocl^ 
podn  and  OHMdj/rr^i.  toOKua 
deferenlia  in  eiaiimi  MnnJMa: 
in  othen  an  unpaired  senilal  docL 

The  cgelome  opvns  inlo  the  niphridia 
by  two  pons,  and  Ihiu  to  the 
otterior. 

The  hearl  has  i«o  ituriclcs.  and 
thnc  are  luanclilal  hcnns. 

An  ink  bag  and  sallrary  Kl&ndi. 


CUUStriCATION  OF  C'EFHAI.OP0nA. 


Order  I.     Tetr»bianehiata  (*«  uMc), 

Fuikily  1.     Nauiilidir.    ^aH/i/Hr  alone  olive;  1)U(  a  );rcat  tcries 
orioMil  fbrmi,  Orlkecrrai—TrMlMtrai. 

Family  II.  AmmonltldK.  All  eatincl,  but  wiili  ihelli  well 
mnetveil,  •*>  tliat  t<ni|>  tciie*  can  lie  studied.  Thcf 
furnish  iliiking  evidence  of  pro|[ict«i>'e  erolution  in 
dclinite  direclions,  t^..  Stitriltt,  Cfra/t/ei,  Battttila, 
Tum'filis.  Ut/tnctmi,  anil  the  whole  seriea  of  gciicn 
farmer  ly  c  luted  as  Amtneniltt. 
S6 
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Onlet  II.     Dibranchiala  (mv  uUi). 

Sab-Order  Dccapodiu  Eicht  ihortcr  uid  iwo  ionga  ■>»•. 
Suckcn  itBlkcd  and  iiien£ihcDcd  by  •  Hrong  tine. 
Luge  net  with  «  hoiuanuTlicL  BoJf  ckngBled,  «nh 
IJUcnl  liiu.  Mnntle  niarvin  with  >  cartjli^naiu  "hc6k 
and  «y«  "  •nsngmwnt.  SoitK  *art  of  IntcriMl  "  ■ludl,'* 
enclosed  by  upyrowlhii  of  the  mantle. 
Wilh  mtaueoiu  isWnul  "dwll."     Sfirvla;   cxiinct  Btt- 

emiiiits  ;  Sffi«. 
Wilh  orGonic  internal  "dielL" 
(a)  t.y<*  wilh  closed  fatnca,  t.g.,  t^lift. 
it)  Eyct  wilh  open  conica,  i^.,  Ommailrtfka. 
Sub-Ordo  Ociopooo.     VAgfA  uma  only.     Suclura  tcaiiU 
withmil   iMnty   ring.     Small  eye*  with  iipMiiacr-like 
lid.     Body  bhutl  ;u)tl  mtiniJcd.     No  "hooV  and  tyt" 
MWWgemeiil.      No    "  sliell,"    except    in    ilic    fnnale 
ArgtMNiU. 
t.g.,  OUtfai,  SlfJmte.  Argommtm. 
The  claudfiarion  gjven  *lx>f  c  ut  thai  luiiaHy  adojHod,  hal  il  may  be 
noted   Ihal   Ihe  Ammonlic*  arc  Inclmled   In   Ihe  Tcinibianctiiala  on 
Inniffident  cildcner. 

The  Ccphalopods  arc  the  most  specialised  of  the  >folluscs, 
and  i>«9ent  mudi  v.iTiatiun  of  tyiie.  Nautilus  appeared  very 
carl)*  and  has  persisted,  .ipparcntljr  unchniigcd,  until  the 
present,  while  the  Ammonites  and  Elelcmnitcs,  oitoc  so 
abundant,  have  entirely  disappeared-  Among  recent  forms 
«'c  have  Squid.  Calamar)',  Ocloptis,  Argonaut,  and  many 
others.  All  swim  freely  in  the  sea,  or  lurk  and  creep 
passively  among  the  rocks.  They  are  voracious  eaters,  and 
con:iume  very  divert  kinds  of  animals,  their  panoi-like 
jaws  and  gmwcrfut  odontophorc,  as  w<:ll  .-is  the  numerous 
suckers,  rendering  them  formidahlc  advcrKtrics. 

A  chambered  external  shell,  scr%ing  as  a  house,  is  present 
in  Siiulilui  alone  among  living  Ccphalopods.  In  Spiruia, 
there  is  a  spiral  chambered  shell,  but  it  is  very  small,  is 
enclosed  by  the  folds  of  the  mantle,  and  is  quite  useless  for 
purposes  of  protection.  Most  of  the  extinct  forms  were 
furnished  wiUi  large  and  efficient  shells  of  very  variable 
sha[ie,  some  straight  like  OrtAoceras,  or  coiled,  with  cham- 
l>ers  scporalcd  by  complex  septa,  as  in  the  Ammonites,  and 
so  on.  Most  of  the  modern  fonns  seem  to  be  more  active 
than  their  ancestors,  and  iheir  shells  have  degenerated. 
While  the  fact  of  the  degeneration  is  perfectly  oln-ious,  the 
line  along  which  it  has  taken  place  is  difficult  and  stiU 
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debated.  In  Nauti/us,  although  the  iLnimal  lives  within 
the  shell,  the  mantle  fold  is  for  sonic  distance  letlccted  over 
it ;  in  the  other  aeries  of  Ccphalopods,  tliis  process  has  yone 
further,  and,  where  a  shell  is  present,  it  i.s  entirely  enclaiwd 
within  the  mantle  fold,  and  is  at  the  same  time  much  reduced 
in  Mxe,  In  the  extinct  Belemniics  the  internal  shell  was 
HCnitght  and  chamtiercd,  but  almost  concealed  by  secondary 
deposits  of  lime,  secreted  by  the  walls  of  the  shell  sac.  In 
S^a,  according  to  one  view,  the  central  laminated  region 
of  the  "bone"  represents  the  remains  of  the  chambered 
shell ;  the  remainder  corresponds  to  the  secondary  de|>ositS 
of  lime  in  the  Heiemniies.  In  Lolig<\  there  is  no  deposit  of 
lime,  an  organic  chitinous  pen  only  lieing  left.  In  Oc/ufns, 
there  ii  no  trace  of  shell  al  all.  According  lo  some,  the 
shell  sac.  in  which  the  shell  or  pen  of  Ccphalopods  is 
formed,  is  lo  be  regarded  as  equivalent  to  the  embryonic 
shell  sac  plus  a  mantle  pocket,  According  to  Kay  I.anlceiter, 
there  is  no  relation  lictween  the  secondary  shell  s.nc  and  the 
typical  primitive  Molluscan  shell  gbnd. 

The  sexes  in  Ccphalopods  are  separate.  The  male 
elements  arc  made  up  into  packets  or  spermatophorcs, 
which  usually  pass  out  on  Co  one  of  the  "arms,"  more  or 
less  modified  for  copulatory  purposes.  The  eggs  arc  large, 
an<l  often  surrounded  by  capsules. 

The  eggs  are  always  furnished  with  a  brge  amount  of 
yolk.  In  consequence,  de^elopmenl  is  much  modified  as 
compared  with  other  Molluscs,  trochosphcre  and  veligcr 
stages  not  being  recognisable. 
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larva,  and  many  of  the  features  of  the  simple  Ampbi- 
DMUi^  suggest  that  Molluscs  aro^c  from  some  worm 
type,  but  beyond  this  all  is  hypothesis.  Some  of  the 
Amphineura,  both  in  the  fonn  of  the  body  and  in  the 
arrangement  of  bri^ttlet;  on  its  surface,  recall  Annelids,  but 
this  can  hardly  !«;  regarded  as  an  cvitlcnce  of  affinity,  for  it 
is  extremely  improbable  that  such  l)-picalty  un.'Wgmented 
animals  can  have  arisen  from  segmented  worm.f.  It  is 
perhaps  more  likely  that  Molluscs  arose  from  a  ruibellariaji- 
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like  ancestor,  an  unscgmented  fonn  with  a.  Hat  creeping 
ventral  suiCace. 

It  ii  certain,  however,  that  the  great  Mollusc  branch  must 
bavi:  divided  at  a  very  early  stage  into  two.  One  branch 
beam  those  forms  which  live  liuggiiJily,  and  have  undeveloped 
heads  and  no  odonlophore — the  biralvei  or  Ijunellibranchs. 
'i"hc  other  branch  benn  more  active  rorms,  in  which  the 
head  is  wcil  developed,  and  the  characteristic  tadula  is 
present  in  the  mouth  —  the  primitive  Amphineura,  the 
Gasteropoda  or  snails,  and  the  Cephalopods  or  cuttles. 

Phylum  M  oil  u  sea. 


Bancb  CL««tprHO«4 
(S|rn.  OdolvplMn). 


i 


N*iilitat  Mil  EUIIIc-fith, 


Bnindi  l.iTociirirALA 
(S]m,  ActphiU 


Clu*  t^otWhranctiiUa  (Sr"-  Fckcv- 
pDdfe.  Cvnchiftrk  or  11irik}vta^coduB 
•Bd  maiaal.  dun  and  Vf»m. 


C«pti>lopiid>t 

Clu>       f      AiynnHrical  •ntik. 
Cuicnvok  \  ohtUu,  ftc. 

/M«rt    primhl**.  bCUl*f 
Omi      <     at*  innDsodcal  fonu, 
AiB>falDMn\    t^..CMiti,. 

Tb*  pOTiiioa  •<  iIm  mull  ebn  Sotiliopoilii  ia  vnnn*hi.    Son*  sbe*  b  bM 
OMUtamdi  and  CKviHliPal^ 

Most  Molluscs  U\'e  in  the  sea  from  tlie  sJiore  to  the  gteai 
depths,  but  there  are  many  Iresh  water  Gastcropods  and 
bivalve!^  and  the  lcIrc^lriaI  Muils  and  tlu^  are  legion. 

The  bivalves  feed  on  micnMCopic  animab  and  orguuc 
debris  1  the  Gastcropods  arc  carnivorous  or  vegetarian ;  the 
Cephalopods  arc  voracious  flesh  caters. 

The  alimentary  canal  and  its  associated  digestive  gbnd 
often  seem  as  if  t)»ey  were  loo  big  for  ilic  body ;  in  bivaWes, 
the  gut  tend*  to  Iw  dixptaoed  venlially  and  coils  about  in 
the  foot ;  in  the  others,  it  lends  to  be  displaced  dorsally, 
often  protruding  mi  the  back  as  a  visceral  hump. 

The  vascular  s)sicni  in  MoIIihcs  always  communicates 
freely  with  the  bcunar  apaci-^;  which  cimatitute  (he  apparent 
body  cavity.  These  are  never  lined  with  epithelium,  and 
OR  of  secondary  urisin.  A  true  epithelium,  however,  lii>cs 
the  pericardium  and  the  cavity  of  the  reproductive  organs, 
which  ore  both  ocdomk  Jn  ori^n. 


* 


GSNSRAL  NOTES  ON  MOLLUSCS. 


389 


The  shell  is  a  very  characteristic  molluscan  slniciuw, 
but  in  spile  of  all  the  jrcars  of  conchologjr,  wc  cannot 
answer  the  fundamental  i]ucstiona  about  shell  mnking. 
Mollusc  shells  aic  very  beautiful  thin^  alike  in  form  and 
colour.  They  grow  larger  by  mitnih  and  year,  and  mark 
their  progress  by  rings  of  growth  and  changing  linn.  That 
they  afford  their  bearers  efficient  protection,  is  shown  by 
the  appreciation  which  sonic  hermit  crabs  exhibit  for  stolen 
whelk  or  buckie  shelb.  More  precise  observation  shows  us 
that  (he  shell  consists  in  great  part  of  carbonate  of  lime ; 
that  it  has  a  thin  outer  "  homy "  la)-er,  a  thick  median 
"prtnnatic"  stratum  of  lime,  and  an  internal  mother-of- 
peari  layer.  'ITiis  Inst  exhibits  iride.sccn<:i:,  produced  by 
the  fine  lines  which  mark  successive  deposits.  The  mark- 
ings, fine  as  they  arc,  were  rcpcattd,  according  to  Brewster's 
famous  experimenls,  on  a  piece  of  wax,  which  in  consequence 
became  iridescent.  On  the  donat  surface  of  almost  every 
mollusc  embrj-o,  there  is  a  little  shell  sac  in  which  an 
embryonic  shell  is  begun  ;  the  adult  shell,  howei-cr,  begins 
on  a  separate  area  on  the  skin,  and  it  is  always  lined  and 
increased  by  the  mantle.  If  the  increase  of  the  shell  be 
carefully  watched  on  young  Molluscs,  or  if  chemical  analysis 
be  made,  it  ticcomes  plain  that  the  shell  i.t  no  mere  deposi- 
tion of  carbonate  of  lime.  Like  other  cutictilnr  ])roduct$,  it 
has  an  organic  basis  (called  conchiolin),  along  with  which, 
in  a  manner  that  we  do  not  clearly  understand,  the  line 
a  associated. 

Mr.  Irvine's  experiments  at  Cranton  Marine  Station  suggest 
that  the  lime  salt  originally  absorbed  is  not  the  carbonate 
(of  which  there  is  a  scant  supply  in  sea  water),  hut  the 
sulphate  (which  i«  abundant),  and  that  the  iniemal  transfor- 
mation from  sulph.itc  to  c.itbonate  is  perhaps  associated 
with  the  dilTusc  decomposition  of  nitrogenous  waste  pro- 
ducts. Thus,  carbonate  of  ammonia,  which  seems  to  occur 
abundantly  in  the  mantle  of  perfectly  fresh  mussels,  would, 
with  calcium  sulphate,  yield  carbonate  of  lime  and  am- 
monium sulphate.  I  do  not  suppose  that  shell  making  is 
expresublc  in  a  chemical  reaction  of  this  simplicity,  but  it 
is  time  that  we  ceased  to  think  that  Molluscs  simply  absorb 
carbonate  of  Umc  from  the  sea  water,  and  sweat  it  out  oa 
their  skins.    It  is  reasonable  to  inquire  how  far  shell  making 
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\y  express  a  primitive  moiU;  of  encreiion  to  which  a 
sndary  significance  has  come  to  be  attached,  and  in 
what  way  carbonate  or  lime  shells  arc  associated  with  pre- 
ponderant sluggishness  of  habit.  The  thickness  of  the  shell 
seems  often  to  bear  some  relation  to  the  external  and  internal 
activities  of  the  mollusc,  for  it  is  thin  in  the  active  scallop 
(Pfettn)  and  IJma,  thick  in  the  possi^'e  o)'ster  and  Tridacna, 
slight  or  absent  in  the  pelagic  Pteropods  ("  sea  liuHcrflics  "), 
and  in  the  more  or  less  active  ciiitlcfish,  but  heavy  in  most 
of  the  slowly  creeping  littoral  forms.  Uut  tluit  this  is  only 
one  condition  of  shell  development  is  evident  in  many  ways, 
^for  instance  when  we  compare  laiid  snails  with  slugs ;  for 
the  latter,  though  not  more  active  thaii  the  former,  are 
practically  shell-less.  In  most  cases,  as  Lang  i>oinU  out, 
the  loss  of  the  shell  is  justified  by  increased  power  of 
locomotion,  by  increased  adaptation  to  peculiar  habit*  of 
life,  and  so  forth. 

In  their  life  history  most  Molluscs  pass  through  two  lami , 
.'«ta)(e».     The  first  of  ihe&e  is  a  pear  sliapcd  or  barrel  Khaped) 
form,  with  II  curved  gut,  and  with  a  ring  of  cilia  in  front  of 
the  mouth.     It  is  a  "  trochosphcre,"  such  as  that  occurring 
in  the  developnteni  of  many  "worms."     So  far  there  is 
nothing  diaracicristic. 

Soon,  however,  the  irochoHphcrc  grows  into  a  yet  more 
efficiently  locomotor  form — the  veliger.  Its  head  l^ears  a 
ciliated  area  or  "  velum,"  often  produced  into  retractile 
lobes  ;  its  body  already  shows  the  l>eginning  of  "  foot  "  and 
mantle ;  on  the  dorsil  surface  lies  the  little  embryonic  shell 
gland. 

But  although  trochosphcre  and  veliger  occur  in  the  develop- 
ment of  most  forms,  they  do  not  in  any  of  the  three  types 
which  We  have  particularly  described, — not  in  Anodonta 
portly  because  it  is  a  fresh  water  animal,  with  a  peculiarly 
adhesive  lari-a  of  ili^  own,  not  in  Heiix  partly  becau.se  it  is 
terreslrial,  and  not  in  Stpia  [lartly  because  the  eggs  are  rich 
in  yolk. 

I'hc  hard  shells  of  extinct  Molluscs  arc  naturally  well 
preserved  in  the  rocks,  and  long  scries  of  fossil  forms  have  ] 
been  traced  with  much  success. 
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T)-pe.    Balanoclossus. 

A  SPECIES  of  BalanoghssHt  was  described  by  Delle  Chiaje 
at  the  end  of  the  eighteenth  century,  but  it  ix  only  within 
the  la^c  few  y-ean  that  the  reiearche»  of  Spcngcl,  Bateson, 
and  others  hnvc  led  to  an  appreciation  of  the  importance  of 
this  type,  and  to  a  tecognition  of  its  peculiar  features. 

The  class  (Enicropncusta)  which  was  erected  for  ihe  re- 
ception oi  B'tlnHogiossus  is  now  known  to  include  a  few 
other  forms,  whose  more  or  less  distinct  affinities  with  Ver- 
tebrates are  suggested  by  the  alternative  title  Hemichorda. 
Taken  along  with  Tiinicatcs  and  AmpHioxHU  they  afford 
interesting  illustrations  of  the  gradualness  with  which  Ver- 
tebrate characters  have  appeared  in  history. 

General  Charactkrs.— -Tib-  bvdy  is  divisiMe  into  thrtt 
rtghns — a  prt-oral  "frobosds,"  a  "(ollar"  around  and  bt- 
hind  the  maufi,  and  a  Imnk,  Ihe  anterior  pari  cf  which  fiears 
gi//  tlits.  A  dorsal  nerve  earJ  arii'es  from  the  tpiblatl  along 
the  middU  line,  and  is  connecltd,  by  a  ring  nmnd  the  pharynx, 
with  a  jfentral  eord.  In  the  skin,  which  it  e<weted  with  eili- 
attd  ectoderm,  thtre  is  also  a  nerve  plexuf.  From  the  anterior 
rtgioN  of  the  gut  a  diverticuium  grows  forward  for  a  short 
distance,  becitmes  a  solid  support  for  the  proboscis,  and  is  often 
called  the  "  ni^tochord."  The  nil/  sUts  open  dorsally,  are 
very  numeraus,  and  increase  in  number  during  life  :  in  some 
details  of  development  thty  recall  those  of  Aniphioxus.  The 
mesoblast  is  formed  hy  the  outgrowth  of  pouches  from  the 
archenteron ;  i.e.,  the  body  cavity  is  enleri>ceelic.  An  un- 
paired anterior  pouch  forms  the  prt-oral  or  proboscis  cavity 
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Tlic  worm  like  body 

con«U«  of   a    proror        „^  ...rt-  v*.kiMl.:  Jlk.  _»..  ^. 
nent    pre^ral    rcgioa     •'i^  nwajgw  ixnwi  iW  adi«i  *a  ib> 
of-proboKiai-afirm     "^-*«»*';  <-■—;*.— ■ 
"  collar "  liehind  the  mouth,  behind  thb  a  region  with  gill 
tilts,  and  &nall]t,  a  tong,  coft,  slightly  coiled  portioa. 

Skim. 
The  epidermis  is  ciliated,  and  exudes  abundant  mucus 
from   unicellular  glands.      In  £.  mtimi  the  mucus  sets 
firmly,  and,  with  the  addition  of  gnins  of  land,  forms  a 
lube  round  the  body.    Some  species  arc  phosphorescent. 

Muuuiar  Sptem. 
'Ilie  muKular  ■yaiem  it  best  developed  about  the  prO' 
ImmcIs  and  collar,  which  are  used  in  leisurely  locomotion 
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through  ihc  eoft  »nd.  Ilicrc  arc  external  circular  and  in- 
ternal radial  snd  longitudinal  muscles.  The  fibres  arc 
unttripod. 

Nervous  Syttem. 

The  dorul  nen'e  cord  is  most  dwclopod  in  the  cotiai, 
but  b  continued  along  the  whole  length.  It  arises  as  n 
loUd  cord  ofcpiblaet,  which  is  continued  both  fonrards  and 
back¥rards  as  a  hollow  tube.  The  cavity  is  said  to  be  com- 
parable to  that  of  the  spirul  cord  in  Vertebrates.  But  Uic 
doreal  nerve  cord  in  the  collar  b  connected  hy  a  band  round 
the  pharynx  with  a  ventral  ner^-e.  There  is  also  a  »ervouB 
plexus  iKnvath  the  epidermic.  ITicrc  arc  no  special  sense 
organs,  not  should  we  cxpcci  them  in  an  animal  which  spends 
roost  of  its  life  immersed  in  muddy  sand.  In  the  larva;  of 
some  spcdcs  there  arc  two  eye  spots. 

AliifXHtary  System. 

The  mouth  opens  ventrally  l>etween  tlie  proboscis  and 
the  collar,  and  it  adapted  for  swallowing  the  »nil  moved 
about  hy  the  wrij^ling  jtroboscis  and  by  the  collar.  The 
pharynx  is  constricted  into  a  dorsal  and  ventral  rc^on,  of 
which  the  former  is  respiratory  (Fig.  Uf,  j*).  and  connected 
with  the  exterior  by  many  gill  slits,  while  the  latter  is  nutri- 
tive (Fig.  "IS,  x),  and  conveys  the  food  particles  onwards. 
This  ventral  region  may  be  compared  with  the  "ventral 
(groove  "  in  Tunicates,  with  the  "  hyiioliranchial  "  groove  in 
[he  lancclet,  wiih  n  $imibr  r^ion  in  the  lamprey,  and  c^■cn 
with  part  of  the  th)-toid  gland  in  higher  Vertebrates.  Be- 
hind the  region  with  gill  slits,  the  gut  has  a  dorsal  and  n 
ventral  ciliated  groove,  and  bears,  ihrougboui  the  anterior 
part  of  its  course,  numerous  glandular  sacculations,  whicl) 
can  be  detected  through  the  skin.  The  animal  eats  its  way 
through  the  land,  and  derives  it.t  food  from  the  nutritive 
particles  and  small  organisms  therein  contained. 

Skeletai  Sytlem. 

The  skeletal  system  is  represented  by  the  "notochord," 
which  lies  in  the  proboscis,  and  arises,  like  the  notochord  of 
indubitable  Vertebrates,  as  a  hypoblastic  structure  from  the 
dorsal  wall  of  the  ([Ut.     Each  gill-slit  is  funtisbed  with  a 
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"chitinous"  skeleton,  which  gives  the  slit  &  U  shape  on 
account  of  the  growth  downwards  of  a  "  tongue  bar,"  the 
whole  is  stiggeuive  of  Amffu'eixus.  Beneath  the  branchial 
skeleton  there  lies  a  "chitinous"  rod,  which  divides  into 
two  in  the  collar. 

Tht  Body  Cavity. 
The  body  cavity  is  sotnenhai  complex,  consisting  of  live 
distinct  parts,  all  of  which  are  linM  by  mc&odcrai,  and 
arise  as  pouches  from  the  primitive  gut  or  archcnicron. 


''■''■     V.tt. 


Flo.  115.— TnuuAisnic  Mciion  Ihrotqhgill  slit  region  of 
PlytMtJrm  minma.     lAllcr  SnKCRi-) 

Tb<  iMLktrii  lanitiithBi  dbi^nmirdiiic,  «ho«n  a  f  Ul  Jit  (f.t)  10 
]«A«  tjiA  *  t^um  iMWHfi  IWO  ilil>  14  (be  ricnt;  d.it,j  dorvl 
MTV*;  rf.n,  dmmil  »tM«l ;  rjt.,  miiisl  ntrv*:  P.V.,  nmnif  mad : 
/.,  bucriiirt  pul  of  SKI ;  g'-t  mpiDktory  wn  oT  ^1 ;  f,*  TaMnu 

orsMU.    Aiibacill  >liu  an  aliliijuc  Ibc  vbolc  ol  oik  cmU  notb* 
■■n  on  X  tidf  U  crviB  «4clioh. 

{a)  There  is  first  the  unpaired  cavity  of  the  proboscis,  whidi 
commtinicales  with  the  exterior  by  a  dontal  pore  (or  sorae- 
tiiDcB  by  two)  at  (he  base  of  the  proboscis  next  the  collar. 
It  is  po&siblc  that  a  ginndulnr  structure,  which  lies  in  front 
of  the  heart  in  the  proboscis,  may  have  excretory  signifi- 
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cance,  but  it  seems  to  be  quite  enclosed.  (^)  In  the  colbr 
r^ion  there  are  two  small  paired  coelomii;  cavities,  from 
which  two  fiinneh  open  to  the  the  cwcrior.  Both  these 
cavities  and  that  of  the  proboscis  tend  to  be  obliterated  b)' 
growth  of  connective  tissue,  (i-)  Two  other  cavities  extend 
along  the  posterior  region  of  the  body,  to  some  extent  sep- 
arated by  the  dorsal  and  ventral  mesentery  which  moors  the 
intestine.     In  the«e  there  is  a  body  cavity  fluid  with  cells. 

Jltspiralory  Syttem, 

Tbe  respiratory  system  consists  of  many  paira  of  ciliated 
gill  slits.  They  open  donaily  by  small  pores  behind  the 
collar.  In  development  they  b^in  as  a  pair,  increase  iii 
number  from  in  front  backwards,  and  they  go  on  increasing 
long  after  the  adult  structure  has  In-en  attained.  Water 
passes  in  by  the  mouth  and  out  by  the  giU  stits,  where  it 
washes  branches  of  the  dorsal  blood  vessels.  There  are  no 
gill  lamellx  a»ociated  with  the  slits. 

Vascniar  Syittnt. 

The  vascular  systen)  includes  a  main  dor»al  blood  vessel, 
which,  at  its  anterior  end,  ties  aboct  the  notochord;  an 
anterior  dilatation,  which  is  sometimes  called  the  "  heart ;" 
a  ventral  vessel  bcncaib  the  gut ;  and  numerous  smaller 
vesseb.  The  blood  l^ows  forwards  dorsally,  Ixickwards 
ventfally.  This  system  should  be  contrasted  with  that  of 
Ampfaextit. 

Exertlory  System. 

The  excretory  system  is  slightly  developed.  No  nephiidia 
are  known,  but  Crom  tlic  region  of  the  collar  two  ciliated 
funnels  open  to  tlie  exterior,  and  we  have  already  mentioned 
the  enigmatical  proboscis  gland. 

Hrfroduttire  System. 

The  sexes  are  separate-  A  number  of  simple  paired 
genital  organs  lie  dorsally  in  a  series  on  each  side  of  the 
body  cavity  in  and  behind  the  region  with  gill  sliu 
(Fig.  us,  J{).  Thoyopen  t^  minute  dorsal  pores  in  the 
skin,  or  in  the  American  species  by  rupture. 
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Devthpmtnt. 

Tbc  eggs  must  be  fenillsed  outside  of  the  body.  St.'g- 
mcniatioi)  \%  comiilcto  and  apinoximiiiely  equal ;  a  blaslo- 
sphere  or  blastula  results;  this  i.t  invnglnated  in  the  nonnal 
fashion,  and  bccotncs  a  two-U)%red  gasirula. 

The  American  species  {B.  kotmla'skii)  has  a  simpler 
de%'clopmcnt  than  the  others,  for  it  is  without  a  remarkable 
larval  form  (Toniaiia)  which  occurs  tn  them.  We  shall  take 
the  simpler  case  first,  though  it  is  proliably  less  primitive. 

The  blastopore  or  mouth  of  the  gastrula  narrows  and 
closes;  the  external  surface  of  the  gastmla  becomes  ciliated; 


Ym.  116.— •Deivlopnwnt  of  Balaneglomi^    (After  Batuoh.) 

Tb<  inn»dnn>  b  (ipttvninl  l>v  ihc  hmkin  dirk  lint. 
lo  Uu  upp«  H/w,  ftim  Uk  kft— 
S«ai«a  oTliluiuU ;  bciinquwof  gntlnibtton,  £iiA  cndodttm  ; 
HCilan  of  KurvU,  U,  Ijuwpef* ;  At,  ApdMMtrw :  S<, 
•M'otouilw  tavlnr ;  clsmc  of  lilianpan.  ouigrowili  of  Itn 
CTclvme  poucha  <-vl 
|ji  Iho  !av*i  rov,  from  iIh  Wt— 
LaniiiiidlniJ  •*«]«>,  tlmwtntt  >ti(  Bvt  |ian>  «f  ibt  My  ckvilx 

(hi.  hn,  'rOoi  ovlome. 
Cna>  Maun.  CA'.V.  nnml  nmoua  vftua  ;  NiA,  nnodbord : 

in.  lady  oivlir  bi  mlUii  ntbrn, 
SKIivi  Hi  ■  lam  »■(«•  C.«>>  donsl  blood  voxl. 


the  cndodenn  lies  as  an  independent  closed  sac  vrithin  the 
eciodem.  Meanwhile  the  embrj-o  has  become  or  is  becom- 
ing free  ffoni  [he  thin  egg  cn»-clopc,  and  begins  to  move 
about  at  the  bottom  in  shallow  water.  It  elongates  and 
becomes  more  worm-lfke;  there  is  an  anterior  tuft  and  a 
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poRerior  ring  of  cilia ;  Ihe  priinitivi.'  gut  fornix  five  cieloinic 
pooches  i  a  mouth  and  aii  anu&  arc  formct],  but  ihecc  seem 
to  be  no  iOK  gut  nor  hind  gut  invagiiiatioiiK.  The  regions 
of  the  body  are  defined  at  a  very  earl)'  stage. 

Tlic  Totnarin  laiva  found  in  olher  tpccici  ii  at  fiw  bcU-thapcJ.  A 
venttal  muuth  opcni  inio  ihc  cun^  gnt,  which  U  furnishr<f  wlih  m 
pMlnioi  ItnTiina.!  Jiiiui.  Theie  arc  cilernal  hand.t  of  cilia,  tiiinethiDE 
like  those  uf  an  Echtnudrrm  Utva,  anil  alsu  .ic  apical  wnuiry  plat«  (like 
thai  of  niNny  AoneUd  InxluM^lHtns),  wilh  twu  tye  spoli.  Tnc  Tornaria 
It  a  peligk  brm.     Durine  it*  period  uf  five  pelagic  life  it  gmduixH)' 

losci  iu  diitinctivc  Inndt  of  cilia, 
hecomct  diffuKly  cJUalcd.  ac<|uim  a 
probotcii  and  two  gill  (liu,  ami  (Inu 
appioichet  ihc  f»mi  of  ilic  lam  fint 
dViCtilicd.  Tlio  fuiltici  dcvdoranent  ii 
llif  miiii  in  both  zatia.  The  Turnuia 
inuM  be  iccarded  u  the  motF  primilitv 
larval  form ;  the  lempoinijr  aUcncc  of 
mouih  and  anui  in  the  olhei  inK  b 
probably  an  adaptation  ac<iult(xl  allct 
iIm  ftU^K  habit  wu  IcM. 

Johannn  Miiiler  nuikud  Ihe  Tomuk 
larva,  wlioie  adult  form  wu  not  then 
known,  beside  the  Urvn  of  EchinO' 
dcnob  The  dliaicd  bondt  of  t)iE  Tot' 
naria  nacmblc  IhOM  of  Ei'hinudrrm 
btrvx,  hut  lIiU  i«  (inly  a  Hii|icrlicial 
charsctcrtttic  TTie  anlcrior  p.-rueh, 
which  fomu  the  cavity  vf  ihe  prolioicis 
and  cominuniaitci  wilh  the  exterior  hoi 
aba  lieen  comjiMed  with  the  bc^ning 
of  the  watrr  vajculat  syiiem  in  Echirto- 
ileTin«.  and  it  iitme  that  in  both  tcveml 
independent  cnelome  pouchet  grnw  out 
from  the  jinmllive  Kut.  Dul  we  inieht 
with  n  mncb  fQrce  coinpno  the  Tot- 
nana,  to  an  Annelid  truchMphere,  and  it  may  be  that  it  wonld  tie  nwM 
profitable  to  compuc  certain  fciliuei  in  the  development  of  AiAmM' 
gltUMt  with  that  of  the  htacclet. 

Affimitits  en'li  t'erfttraUt  [csiieciaUy  emphuiiied  by  M>.  BatCMin). 
(i)  "AbMcilirn/."— Adftfialoutsrowth  ftoia  the  anterior  region 
of  Ihc  pit  Slows  forward  tor  a  ihort  diitanoe  into  the  pro* 
boKU  and  becomea  a  solid  iiupponing  tod  ( Pic.  1 36,  JV^A.). 
It  may  be  compareil  with  the  nolocbord  of  Verlcbralet, 
which  niso  aiiict  dorMlly  from  the  ^t.  But  it  lie*  ttlanr 
the  main  <U»al  Uood  veesel,  U  «  vcnr  limited  ciient, 
■nd  may  be  merely  an  analaguo  of  Uie  noiochard — a 
(jijnialogicsl  neoemty  for  Ihe  lupport  of  the  «1on^ed 
piobttda. 


KlO,  117.  —  Tornaria 
Injva,  from  the  lide. 
{AAer  SrsMiuu) 

Mm  mouih  ;  ^.  gui ;  a,  uiat ;  4, 
Ucan  ;  /.  p9n  eiiterina  probMw 
eaviiy^  c.r,  cbiflf  dtuical  ring; 
rjt^,  vaootxtuy  cllUifd  lina-  Tbt 
daikwaTTliiK  iiuIioUaiUE  u>u- 
ffa  ctf  ih*  1ab«i  of  ihc  larvsl  Tiody- 
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(3)  "(7i7/i/M(."~Kummn]seilIiliU(Fig.  114, j(.)opcn (rant  th« 
nnlcrior  region  of  the  gul  (n  the  cxtcrinr.  uid  ue  tepaiued 
fconi  one  another  Ijy  »krl«»l  Inns,  which  In  sonic  ■«« 
rcKinblc  the  (nmework  of  the  tesiiiniuij  phAtynx  in 
Anphisxui.  There  arc,  however,  many  difliErence*  in 
detftil,  ihiit  the  kUis  open  donotlr,  not  vcntrally ;  the 
skeletal  Inn  are  differottlf  ^potcd,  the  blood  nipidr  i* 
dxlK:rcnt.  Nor  U  it  wtlam  that  the  f>ullct  of  Jm/iwm- 
glMitu  it  cndodcnnic  like  that  of  Vcnebntci.  StJII,  the 
poMCHion  of  ihoc  rapimtoiy  \\i\k  U  one  of  the  moti 
MOUbcCory  of  the  atlquo)  Vertebrate- 1  ike  ch*nictert  of 

[]|  "  D»mU  tMrv*  (trJ." — Adurtal  uii-itian  inunking  (Fig.  laj, 
d.it)  of  KtoilviTn,  mpecixlty  strung  in  the  rcf^un  of  the 
collar,  may  be  oomparenl  with  the  mctlullnty  cans!  of  Verte- 
brates. But  it  miut  be  noticed  that  there  is  nbo  ■  ventml 
nerve  cord  (Fig.  115,  en)  which  cannot  be  ii^ciicd  ta 
mbsidlary  in  ehaiacler. 

Mr.  II«(c«on  hn*  tino  noted  that  the  inrtoblwit  Hriiie*,  m  in  Am/Atojiui, 
&c.,  in  the  furm  of  cvvtome  poiichet,  biit  thib  is  me  of  many  Inverte- 
bialcB.  He  state*  that  (he  history  of  the  anterior  cotiome  pocket,  which 
growi  forward  into  the  proboicu  of  Baiana^btmi,  is  cUnely  like  that  in 
AmfMixtis,  but  thii  in  denied  by  S^iencel.  He  com]wct  a  ilight  fold, 
whicli  ecow*  luckwanU  from  in  front  of  the  gill  >lltx,  with  the  epJplcuial 
ftddiof /fv^iUMtii (Fig.  tn,i>f.),  but  ilicfoldjLppear^toberMlricted  10 
one  ipedn.  It  i»  atEil  unccrl-jiin  whul  weight  ihould  be  altachod  10  ihp 
bet  that  SaJaneglftmi  ii  uniegmented. 

Afiuititi  viilh  Aiaieiidt  (»Acr  Pixif.  Spengel). 

(I)  The  larva  (Tomitria)  (Fig.  la;)  ma^  be  rcgatdcd  as  a  modi- 
fied Tiixhoiboherc,  but,  thit  pointi  at  moti  to  a  fat-olf 
cotnmom  mock.  Moreover,  the  ncphiidia,  luunlly  piescnl 
in  the  Trochoaphcfe,  art  iinn.'iiieMntcil  in  the  Turniuia. 

(3)  The  body  cavity  it  fonneJ  liom  acgmencaily  aiiannd 
crelome  pouches ;  but  there  is  •  p*i(  of  |M«-nral  poucna 
alKient  in  Annelids,  and  segmental  amngemcnt  in  the 
orga.ni  of  tile  body  in  BataMglesitti,  a,  lo  say  the  least, 
vtrj  vague. 

(3]  The  hcail  Itct,  ai  in  tooie  Annelids,  donal  to  the  gut,  oat 
venlra]  ai  in  Vertehr«,tci  i  llie  doml  veucl  catriei  blood 
forwards  (h«  ventral  backwards,  at  it  usual  in  Annelida 
But  the  doable  ncnrou*  system  Is  eucnliidly  diflercnt  from 
that  of  AnnclliU ;  and  the  el)1  slits  are  abo,  so  £u  as  we 
know,  unreiireaented.  If  ttierc  ho  a  relatlonshm  between 
EnietDpneutta  and  Annelidt,  it  must  be  a  very  dittant  one, 
pcihapi  mtricted  to  origin  bam  some  common  Kock. 

Bo^c* these affioilin,  othert harcbteninnnlonslydelecled.  Those 
allt^  to  oitt  between  Enteropneusta  and  NemntAna,  r~g-,  the  exter- 
nal ciliaticm,  the  unseginented  musculalurf,  the  corrapnidcneo  of  the 
"  notochord  "  and  the  Kemotean  proboscis,  ate  even  note  unsaiufiK- 
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Appendix  (•)  u>  EmtOprfiDfTA— CKTRALOIMacoi. 

A  «ln(|t  WMoa  IC^AtUurvi  aW«wMai)  «m  dfedrrf  1^  tbc 
"  CbdlanJ-iTthcM^Jto  Stnitt.  tT^  ■>  fini  dcMttbed  ly 
H'iMOib  M  B  dimntt  relnoon,  b«u  tbe  teienwhM  cf  Hamn  B«te 
lawfctioniMpwMi  /hhaAHiir 

The  aiiHMc  «*lk«d  fainJ— b  occw  *Bocuiri  toecthcr  ■□  >  ^lalin- 
MB  iMuttoMt.  the  obkmf  wty  ■■tain  ■  lirc  ot  9  inches  by  6  todiet. 
TlM[ni*nm),dieMii*beMclx*'^('>'  loaih,  biunlh«bidt  in 
twotowaofdiMcd  boHow  Uattckt.  Tbcae  two  chawcief^  Jantrty 
■npfMied  to  iwtkuc  Mnou  **■'!*— .  WBr  pafaaiM  be  akj^atinw*  to 
the  MdentMV  life.  W]thB^lamgltumthitx<fptfnu\afhtpomsmkm 
ofthefaUorincdMActm:— («)  Tbe  body  is  itiriM  into  thfw  ncieM 
which  eomtpond  to  the  jmhotdt.  colkr,  nul  bank  of  Bajmmglmmt, 
thit  if  ftpeddhr  obvious  la  ibe  jroong  bid;  <|4)  cacti  of  the  ibicetegioRi 
"wtiina  «  eoMoic  Civliy,  lb«  «o(I  unerior  being  iingl^  whBe  the 
«ba  Wo  uc  dMdoil  by  ■  dKdiw  pwlilioa :  <i-)  the  utaiar  P(e4Ml 
nvity  opcu  to  the  nicrior  bjr  two  pon«  (<f.  nrobwel*  ptov*  of  Jatow 
gl*ami)  i  (W)  lbs  coltu  imoa  n  limt  (bfaiibed  with  two  coOar  potcft, 
whidi  «pen  beneath  a  fcld  or  opercnbiro  dentopod  ban  the  cnllar  i  («) 
in  dw  o^lw  repon  the  docxl  memmt  iy«t«n  i*  klw  piMcd,  wd  ii  eon- 
ilnmdiotaaeacicMlMaibe  pwboacbi  (/)  bmaMliibe  nervou*  qr»- 
tcm  linadiveniealaBnfroBibegiit.  which extcnililowMibibeprobMai 
nsioa(*'iM>t(Mbacd'*);  (f)  the  uitefiM  Rpon  of  the  pit  b  pGrfomMd 
by  a  fmit  of  latent  ciU  lllil. 

Appendix  (3)  to  ExrsKOPitKOBTA— RnAHtiopLBCKA. 

TUt  gvmii  a  round  >i  coioUlenbIc  depths  in  the  Noilh  Sea.  Like 
CMabHiKMi  0>t  inilividiiati  xrc  minute  uld  italhed,  anil  occur  in  a 
eoloBy  I  in  Ihii  otte.  how-ci-cr,  ihcy  reniaia  Ulachtd  to  cine  another  ly 
a  commoA  tialk  laiieail  of  brias  united  oaly  bnr  an  iBvatmenl.  In  the 
bead  region  there  ate  iwo  hollow  laietal  ann>  waring  numeroiu  ciliated 
uaiaelta.  which  have  1  skeletal  ntppotl.  The  ^t.  aain  Ofkabditdti, 
baa  a  U-ihapcil  mrv*iure,  and  an  anteiior  diverticulum  ("  notochonl  "I, 
Thnv  are  five  nvlomic  caviiiM,  of  which  the  unpaitcd  pte-onJ  pari  hM 
i*u  pora.  There  ate  ni>  i!>U  nliit.  The  aflinicie*  between  llii*  type  and 
EUanii([laBUi  musi  tiili  1«  hulil  •louMfiiL 


CHAl'TER    XVIII. 

CLASS  UKOCHORDA  OR  TUMCATA. 
(Akidiaki;  Ska  Sqvixn,  &&) 

The  Tunicaies  are  remarkable  animals,  which  seem  to 
stumble  on  the  border  line  t>etween  Invenebraies  and 
Verli-btnles.  They  were  cb)»ified  with  I'oly/oa  and 
Bnt(-hii>;H>ib  as  Molluscoidea,  until,  in  t866,  Koiralc%-slc>' 
described  for  the  first  lime  the  dvt'ctopmcnt  of  a  simple 
Ascidian.  and  oorrelated  it,  step  by  step,  with  that  of 
Amfhivxtts.  He  xhoved  that  the  larval  Ascidian  poitseueH 
a  dorsal  nirrve  cord,  a  notochord  in  the  uil  region,  gill  slits 
opening  from  the  pliarynx  to  the  exterior,  and  an  eye 
do'cloping  from  the  brain.  It  is  true  that  in  most  cates 
the  promise  of  youth  is  unfulfillod  ;  the  active  larva  settles 
down  lo  a  sedcntarj-  tire,  lo«cs  tail  and  notochord.  nerve 
cord  and  e>-e,  and  becomes  strani^uty  deformed.  Ne^'crthe- 
leKN  we  niuKt  now  class  Tunicates  as  degeiKrate  Vertebrates, 
or  their  p»«tible  relations  to  simpler  forms  nothing  definite 
is  known. 

Gknekai.  Charactkrs. — 7>^  Tumcata  an  marim 
Chordala.  hul  tkt  (hordatt  ckaraettrisiiei — dortal  mrvwis 
sys/em,  no/ixhord,  gil/  ilils,  and  Ivain  eyt^-iirt  in  molt  eatft 
rit'sffrnidU  onlr  in  She  free  swimming  larval  ilages.  They 
mually  degenerate  in  adnleseewt,  and  the  adults,  whkh  ore  in 
most  Mitt  sedentary,  tend  to  diverge  very  jvideiy  fr^m  the 
Vertebrate  type.  TAtit  the  nenvtii  system  is  gtneraiiy  reAutd 
to  a  single  ganglion.  The  body  is  invested  fy  a  thiekentd 
eutievtar  tvnie,  which  eantaini  alluhst.  T^  pharynx  i$  per- 
forated by  ttet  fZarttuea).  or  in  the  majority  by  itumervHS 
eiliatedgill  slits,  and  is  surrounded  to  a  greater  or  ten  extent 
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by  a  ptribraKckial  (kamber,  which  efimmHnuaItt  ttfUh  Ikt  cjc- 
ttrier  ly  a  tpteial  (atrial)  fff<ning.  The  htttrl  is  iim/<Jt  and 
tuhilar,  anj  fMert  is  a  perwdie  rntrsai  in  Hu  diratieti  of  Ike 
blood  atrrtHt.  Ntphridia  art  af'ititt,  and  the  rtnal  Qrputi 
an  aJwayi  dewidef  duett.  All  art  hermaphrodilt.  Thtre 
is  usttal/y  a  metaHtorpkosis  in  dtvthpmtnt.  CoJonitt  art  Jrt- 
gueittly/ormtd. 

Tbou^  tyjiicatl}'  wiicnlniy,  ihc  Tunicaict  >.haw  roiuidcnblc  varipIJon 
in  hafaii.  Mkny  ({ion  fixed  in  Monnt  or  thcllt,  or  lo  Ihc  muil(l)r  boiiom, 
whI  trc  commoQ  on  or  onr  the  couii  of  xll  tcM.  They  live  on  minute 
oiCuinntatfTicil  iioo  th«  flutryns  by  the  w  aIct  of  mpintlon.  Through- 
oul  th«  groop  wc  ice  Ihnt  anliihou  bctwprn  vatWe  vr^tniivc  Umsi*  and 
active  jitlagic  fbniii,  which  U  so  vividly  cihiliiiivl  in  tliu  CiclenlmL 
Seme  of  ihe  Irec  swimminB  fomw  Me  indeed  m  typically  i^laeic  in 
Mniclure  and  habit  a*  the  nic-iuuv  ibcmtelvci.  0(  the  senile  (ormi 
Mnie  we  dmple  U.^.,  AnUia^  -,  othcrf,  in  which  the  vcsculive  habit 
Iws  laatK  ihrcuidily  Mrmmcd  the  cjn^nitm.  tvpruduce  IhcnuvKet  freely 
byhuildlng.  Inic clukteraiio  fbtnicirnniy  (unfilht  nf  indlvMimlii  united 
only  b^  a  common  blooi]  Bjritem,  foniiin^;  ilic  wi-callcd  tKiitl  AMidlnna 
('-<('•  CJ^tW/tiiii],  or  compoaile  org(inLini<  may  be  formed  at  in  Btlryllui, 
A);ain  »c  have  nllicd  aJonial  formi,  such  n  fyrtstma,  the  Dhmuhot- 
etcent  fire  flume,  which  arc  free  kvimming  and  |iela(pc.  the  whole  colcniy, 
wilh  ill  numciauk  in-livldiialu,  mnvln);  a*  one  crnturc.  All  theM 
individuok  aie  fotmcd  liy  Iniiyini;  dom  a  mdimeiitary  laiia  which  arlte* 
from  the  fcrtlll»t<d  vw, 

All  Ihew  lypn  hetong  to  the  Abciilinn  Kt\a.  UilTeienl  from  ihero, 
but  eoitnccted  I7  /^nmaia,  are  llie  free  •wimniliii;  i^era  Salfa  and 
Dettotmm,  Incethn  with  the  slianuu  aljimtl,  anil  probably  Kulle, 
"  CLiDrriKcr  "  ^axn  CKtacti^mm.  Koth  Sa/f*  Mid  D*Htl»n  exhibit  a 
Ci>iii|)leA  nTtcrnalion  of  generalJanB,  in  the  couno  of  which  Iwlh  lohlary 
anti  aggresated  fbnni  occur,  the  laltn,  Uke  the  lluallng  colniiict  of 
Sl^onofdioni,  ofleii  ihowiiiE  coniidenible  dlvinion  of  Ubour. 

Finally,  (here  ate  ■  (ev  active  free  awinimiDe  binu,  whicit  te(«in 
many  of  ihe  feotUTct  nf  the  larval  Atddiaa.  Of  thew  ^//vmAVwArni 
ia  the  limpleM  type. 

Type  of  TuMicATA — a  simple  Atddiaji  {Aitidia  meittu/a). 

In  Tonn,  an  adult  Asddia  is  an  irrcgtilar  oval  of  three  lo 
four  inches  in  Icngih ;  one  end  is  attached  to  stones  or 
vKtiA ;  the  oihci  is  more  taperinK.  and  tc-nnituUes  in  (be 
mouth,  close  beside  whit;h,  on  the  morphologioi)  dorul 
SLirfAcc,  hcs  another  opening,  the  cxhalcnt  or  a»i;il  aperture. 
Dtiring  life,  irater  is  constantly  being  drawn  in  by  the  mouth, 
and  passed  out  by  the  atrial  opcnin;;.  If  irritated,  ibc 
animal  frequently  drivet  a  Jcl  of  water  with  considerable 
force  from  this  aperture,  whence  the  name  "xa  stiuirt." 

2« 
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UROCHORDA  OR  TVNICATA. 


Test  and  Sb'n. 

The  whole  body  is  cloihed  in  a  thick  test  or  tunic,  which 
can  be  readily  peeled  ofT  ftom  the  ui)derl)'ing  body  wsIL 
Tliii  tunic  contains  a  carlKihydraie  allied  to,  if  not  identical 
with,  the  ccIIuIdkc  or  plants,  and  al.io  some  protekl  substance 
The  whole  is  at  liret  a  tnic  cuticle,  but  cells  soon  migrate 
into  it.  while  at  one  [>oint  blood  vessels  also  enter  it  froin 
tbc  body,  and  ramily  in  all  directions.  The  tunic  is  begun 
by  senctory  prolongations  of  ectoderm  cells,  and  socne 
ectoderm  cells  pass  out  into  what  is  secreted.  But  the  lunic 
also  receives  imponatil  contributions  Trom  mesendiyme  cells 
which  migrate  into  it.  Some  of  them  probably  aa  as 
phftgocytcs  in  cases  of  injury  or  infection.  Hie  "  Cellulose  " 
or  "  tunicin  "  is  common  throughout  Ihc  group,  and  it  is  in- 
ICTCSting  to  find  a  characlcri stickily  vegetable  product  in  Ihc 
very  passive  cuticle  of  these  passive  animals.  Tbc  cctodcnu 
which  secretes  the  tunic  is  3  single  layer  of  cells. 

The  Museular  Sytttm. 

Hie  muscular  system  fonns  beneath  the  epidermis  a 
netted  sheath  of  unstri[)cd  fibres,  which  are  very  nunieroiis 
on  the  right  side  of  the  IxMly,  and  almost  absent  on  the  left. 
Special  sphincters  surround  the  apertures- 


The  Ntnioui  System. 

The  nervous  system,  which  in  the  larva  condstc  of  • 
spinal  cord  with  a  slight  anterior  cervbral  iwdling,  is  repre- 
sented in  the  degcnc-rate  adult  only  by  a  ganglionic  mass, 
which  lies  between  the  two  apertures,  and  gives  off  a  few 
nerves. 

Stnsary  Stnutunt. 

Sensory  structures  in  the  adult  are  few  and  unspecialised. 
In  the  lan-a  there  is  a  well  developed  eye  and  an  auditory 
organ,  both  in  close  connection  with  the  brain.  These  do 
not  persist  in  the  adult. 

BcDMlh  the  puiglion  in  (he  uduU  there  liin  n  imall  (sub.ncuml)  gland 
from  which  RCUiMed  duct  «pciu  into  Ihc  [ihirjnc.  Acconling  to  ae«ne, 
thii  oonespMiik  morpholcciCBllT  (o  ihc  [liluiury  hodjr  (/m  pn(;c  416). 
MidM[«r[la1Iy  loihepre-oralplt  of'f'<<'/i4i<uriM(i].  v.)i  it* ph}-«oloi^cal 
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■Ignlficwce  lo  the  indiritJiuil  ia  uncmain  :  pccliipt  it  tecrela  xmie  of 
the  mucin  which  irncani'tfi  Ihi-  food  tntticlo. 

t'urthn,  ii  ii  proLablc  tho,!  nil  Uic  following  iliuclurcs  have  •omc 
Kiuory  Aloctioa, — the  pigment  ipots  between  the  lobnofiheapcnurci, 
the  icnutclc-likc  proccnoi  bcnoLh  Ibc  mouth,  nni!  other  procoMa 
(luigucw)  on  the  clonal  w«ll  of  the  iihaiynx  [•Iwciil  in  A.  mnUHla). 


Pia.  laS.— Dincclion  of  Aiddion.     lAAci  IIkkomaN.) 

It  itt..  luliilnii  ■psiun :  T..  lunlc  «di  any  bitgw  lo  (tiew 
tnuifuliit  !;»«,  phuyni,  (kc :  £«..  endour'*  ^  **d"*I  fn»>*  of 
pliaryn..  NoiiNiMnl  of phvyni  uihow.on  ibfeili'i— tluhft— 
tide  ■luKTuti  (J'f .],  iniaiiin  (wliti  fold  wn  u  InclUonX  and  tipco- 
duciin  snwu  «/■)  1  //••  hiaii ;  CD.,  cniltldMi;  <t,.tnu: 
f/..  cloMiLl(hiunti*t:  JTtVx  <*)'■'"'>  (pMun;  Ca.,  list  abon 
■he  lancliAn  irbidi  U  M«a  lwt>*ca  Ibe  two  a|i«iui<b 


• 
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Alimailary  Sytftm. 

The  moutb  is  suTToundcd  by  eight  rounded  lobc»,  between 
which  arc  piginenl  spots.  It  \tads  into  a  buge  pharynx,  or 
brandiial  sac,  the  walh  or  which  are  perforated  by  numcroua 
gill  jA\\%.  At  the  beginning  of  this  pharynx  there  U  a  circle 
of  icntaclcx,  which  point  downwards  from  the  posterior 
c-dgc  of  the  sphincter  muscle  At  its  tmw  in  the  donal 
middle  Unc  the  pharj-nx  opens  into  a  short,  curved,  ciliated 
oesophagus,  which  leads  to  tb«  brgc  stomach,  placed,  hke 
the  KM  of  the  gut,  on  the  left  side  of  the  body.  The 
intestine  deacribea  an  S-sbaped  curve,  and  terminaies  in  a 
cloacal  chamber  below  the  exhaleni  opening.  Its  wall  is 
folded  inwards  as  in  the  earthworm.  With  the  stomach  a 
OMH  of  ramifying  tubules  is  associated,  which  oi>ens  by 
means  of  a  duct  into  ibc  cav-ity  of  the  stomach,  and  may  be 
a  digestive  gbuad. 

In  fu-ding,  water  is  drawn  into  the  mouth  by  the  action 
of  the  numerous  snull  cilia  which  border  the  pharyngeal 
slits.  This  water  contains  small  algx  and  other  organisms. 
The»c  are  glued  together  by  a  mucuK  secretion,  and  swept 
laclcwards  to  the  «usophagus  at  the  base  of  the  pharyiix, 

^ white  the  water  passes  through  ihc  slits  into  the  pcribmndiia] 
chamber.  This  lies  between  the  body  wait  and  the  outer 
wall  of  the  pharynx,  and  communicates  with  the  exterior  by 
the  cxhalcni  aperture. 
On  t)K  internal  ventral  surface  of  the  pharynx  (the  side 
on  which  i)m-  gnnglion  lies  being  morplkolo^caUy  dorsal)  thve 
It  a  lonj^itudiiul  (jjoov^— the  cndottyle.  This  is  furnished 
with  very  long  cilia,  and  is  in  putt  n  glandular  region.  It 
may  tecich.-  part  of  (he  mucus  mentioned  above.  On  the 
diMsiil  *uif3i:c  of  the  ph.iiynx  there  is  a  projecting  ciliated 
fdid,  called  ihc  dorsal  Umina.  In  many  Asctdians  this  is 
limticn  up  into  n  svrles  of  processes, —  the  languets. 
Hrrilnun  cunmilcTK  that,  as  few  of  the  endostyle  celU  are 
Klaiidulnr,  much  of  the  mtKttt  must  be  secreted  elsewhere^ 
Hnd  the  food  partktes  probably  pass  backwards,  both  on 
'  lo  v«ntritl  and  dorsal  uirfacca. 

Tin  *nitnl  miIm^  h  nia]iholo0c«l)y  t«ni»nbl«  (o  ihe  vmiral 

MiMarfllir  Nmlnlofy  pharyiu  In  AriiM^JMiaii. aad  iv  ihc  "hypo- 

— W >W«1  iprntt*     ot  Amfkiixmi.     Ii  laay  fvm  lie  coni|«n<l  lu  Uw 

*h>Mld  flMul  at  Vntrl)nUT*.  fei  ihu  o>|[an  In  ilw  Ananucorlr  Urva  of 


aespiXAroRY  syst£u. 


lh«  lamjircy  omo  u  ui  evt^nation  of  the  float  ot  ihe  pharynx,  and 
along  lime,  1.^,, until  ihemctainixphatiltlntoilielunpivy, hua^uidl 
tlruciufc  o)vniii);  on  ihe  dooi  of  the  (rfuirynx,  ramarlUliV  Itico  0\»  ea 
slylc  oTlhi:  Tiinioitc  Oikrfilmra. 

Respiratory  System. 

The  water  which  enters  by  the  mouth,  after  being  deprivf 

of  some  of  its  food  particles,  panes  through  the  gill  slits  | 

the  peribcanchial  cnamber.     On  the  walls  of  tlie  pbar}) 


FllJ.  III.      Diniyinm  nf  AKidiui.      {Mitt  HKRtiMAM.) 

TlK»In^^|.'    I'   <i'  '|jcniiiilt.  ihc  dork  IwOcf  ib«  runlet 

F^..otaiiy:  ■■■!■'  '■  ,  rfptodiKiivi  oritii»:  //.,  Ikmi, 

vhli  UoM TCHcIi :  (;./',,  jtriuKl-JiKUl  ff,,  itcioinMKluvincliiiol 
diUBbar.  SnmundlaciiiiplurviutbepcHbMUicbUatlcylfilioi'ii. 


fc^J. 
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the  blood  is  spread  out  in  vessels,  and  is  ihtis  .-leniled.  The 
peribrandual  chamber  is  lined  by  ectoderm,  for  it  is  formed 
in  developmenl  by  the  union  of  two  cctodcrmic  invagina- 
tions, which  grow  towards  each  other.  'I'hc  first  gill  slits  arc 
formed  by  the  fusion  of  small  diverticula  of  the  pharynx 
with  two  scpamte  peribranchi.il  invaginations.  In  the  adult 
the  slits  arc-  very  numerous  and  of  sccondar)-  origin ;  they 
arc  formed  paitly  by  the  division  of  primary  slits,  partly  by 
new  perforations  of  the  wall  of  the  pharynx.  With  regard 
to  the  development  of  all  these  structures,  however,  there  is 
as  yet  little  certainty. 

Vas€utar  System. 
The  simple  tubular  heart  (Fig.  1*9,  Jf.)  lies  in  a  peri- 
cardial s]>aee  at  the  side  of  llie  lower  end  of  the  phar>'ruc. 
In  development,  two  diverticula  grow  out  from  the  pharynx; 
these  meet  and  fuse,  fonning  the  pericardium.  The  heart 
arises  as  an  e>'a}:ination  from  its  dorsal  wall.  According  to 
some  authorities,  the  cavities  of  the  heart  and  of  the  blood 
vessels  are  blastocoelic  in  origin,  i.e.,  they  are  said  to  l>e 
derived  from  the  aegmeniation  cavity  of  the  embT)'o.  A 
periodical  reversal  of  the  direction  of  the  waves  of  contrac- 
tion is  discernible  in  the  heart ;  for  a  ceruin  number  of  beAte 
the  blood  is  driven  upwards,  and  then  the  direction  is 
rc%'eTscd.  This  is  said  to  be,  at  any  rate  partially,  due  to 
the  dilTerenccs  in  oxygenation  of  the  blood  at  the  two  ends 
of  the  heart.    This  same  reversal  also  occurs  in  Pkaroms. 

Acconling  lo  Vrahaat  HctdniBa,  Ihe  tentto-donal  cuntrnclioni 
occuion  the  foUowbg  circulnlion.  Thv  XAaoA,  which  in  iprciul  oat  on 
the  «aU>  of  the  pharynx  in  vcimU  lying  between  lb«  »lib,  coltecB  into 
line  Utt^  vnisci,  which,  itAci  iceciviiu{  a  vcncl  imm  Ihc  lunic,  enter* 
Ihe  iTiiiiat  end  of  ttir  heart.  Fium  live  dorsJ  end  It  it  ixnireil  into  • 
!{((»!  Iiunk,  wliich  smdt  one  Iranch  to  ihu  lunic  ia&  ttien  hrealc  up 
among  the  rincera.  From  the  riici'ml  tacuniv  the  blood  is  uoin  cull«cl«a 
TO  be  diidributed  lo  the  brsnchial  wc  At  llie  revenat  of  ihe  coDirac- 
lioni  this  drculaiion  ii  alto  revcned.  The  blood  ii  very  colanrien,  but 
ouially  eoelaini  a  lew  pgmented  cotpiucle). 

Extrttory  Sysltm. 

In  tbe  loop  of  the  intestine  there  lies  a  mass  of  dear 

veddes  containing  uric  acid  and  other  waste  products. 

Tl]i5^,  tlierefore,  secmi  to  be  a  renal  organ,  but  there  is  no 

duct.     linctcria  are  usually  found  in  the  vesicles,  and  their 


REPRODUCrtVE  SYSTEM. 


activitjr  may  make  difTuKioii  easier.  It  is  interesting  to  find 
such  a  planl-likc  method  of  storing  up,  instead  of  climinal- 
itig.  waste  products  in  these  very  passive  animals.  It  has 
been  suggested  that  the  sub-ncuial  gland  may  have  some 
renal  function. 

R{producfivt  System. 

Tunieates  are  hermaphrodite.  The  reproductive  organs 
{Tig.  ij8,  G.)  are  very  simple,  and  lie  in  the  loop  of  the 
intestine.  The  ovar)-  is  the  tai^er,  and  contains  a  cavity 
into  which  the  ova  arc  set  free,  and  from  which  i hey  pass 
outwards  along  an  oviduct  which  opens  into  the  cloacal 

chamber.  The  tcstiB  sur- 
rounds the  ovary,  and  is 
mature  at  a  dilTerent  time 
(dichogamy) ;  its  duct  runs  by 
the  side  of  the  oviduct.  In 
some  forms,  where  the  gonads 
arc  near  tlie  cloaca,  there  are 
no  ducts.  The  ova  are  sur- 
rounded by  follicular  cells, 
und  arc  probably  fertilised  in 
the  cloaca. 


) 


Aicidian    (Clni-cllinB).       (After 
Va»  BaNiuiKK  mid  JuLiN.) 


nf-.  Noiinpon ;  iw.,  naural  cvijil '. 
th.,  wtieilKinl:  «.,  cdciUnii :  m-. 


I>tvri*fim*nl.  — Motl   of   the   Ai- 

olilunt  nihibll  th»  ilovi'lopineiil  with 

■iictainortilimii  which  is  iibout  lo  tw 

deKiibcJ ;  a  few  in  wliich  Ihe  laivic 

ate  retained  for  a  lanu  time  within 

the  body  o(  the  mother,  ihuw  a  much 

«bbrm«led  life  hiitory. 

The  KntiliKxl  ovum  dl^et  compleiely  and  almoil  cituaUy.     The 

•ptieriol  lilMtMphere  l«ec«ne»  tlighlly  llitllened,  and  uliinuucly  fanrii  a 

twa'liyn«i)  );aiiliuU- 

Aloni;  thv  donal  median  linr  of  tlic  ^^liulii,  Ihe  uctodeim  cclli  iamt 
the  medailary  move,  Ihe  lides  of  wliich  arch  together  and  foim  a 
eaiul— t)u  meduUiiry  cunal.  Thii  opens  unleriorly  to  the  calcrior  by 
ih«  nturoporc,  and  poiletiarly  com  m  union  a  nilh  the  tuchentcrcm  t^ 
the  ncuttnlcric  canaf.  In  the  paiicrior  icgfinn  of  Ihe  ptl,  al  Ihe  tides 
of  ilie  lilanCopor*,  a  pair  of  ilivctiicula,  accunling  in  Van  Beneden  and 

tulin,  Eiow  out.  Thrwc  futm  the  incwxlenn :  (he  endodcrm  cells 
ciwcen  them.  rooRn);  the  (■ul,  forui  Ihe  nidinwnt  of  Ihe  notiichuriL 
The  moodenn  mana  and  ihe  noluclionl  kiow  forwaKl  tOKethet  iot  a 
time,  hot  liter  the  mesoderm  ndi-»noes  niurh  fuiiher  inlti  Ihe  anterior 
Minn,  ihc  noiochord  tieinc  limiicd  to  ihc  tail.  The  dix'cflicula 
aS^mXiy  contain  each  i  imoil  lavjiy— the  true  otciomc,  but  ihit  i*  won 
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ohliiemicd.  Two  Miodonul  invag^naiioDx  fntm  the  originally  double 
pcribtanchill  dutmlm,  nnil  Ihc  prinuuyf^ll  iliU  break  through  the  vrntl 
of  I  he  pharynx. 

i'ai  HII11C  hoxiia  (he  Uilnolc-llkc  Inrii  enjfiyi  a  free  twttnining  life, 
uiinc  ils  uil  u  «n  uifAti  of  locumotion.  Then  it  (ixn  ilwtf  Vff  a  paplla 
on  thB  head,  and  begini  almoM  immediBtcljr  lu  dcSFncnue.  Tnc  lail 
shrinks  and  ilii&|>pean,  Ifae  notochord  being  consumed  by  phogoeytM. 
The  ncivc  R»d  IS  Iwl.  !Ln<l  with  it  lh«  luvsi  tense  organs.  The 
phaiyitx  and  pciilironchial  chamba  ouunie  Ihcii  aduil  (nmi,  tinil  the 
whole  animal  undergoes  a  incianiotphoslt,  which  It  one  of  the  iniMt 
«ignnl  iiwunew  of  degenritiiiiHi], 


Fic  iji.— Scctinn  of  newly  fixed  lam  of  Claetlli»a. 
(After  Sreltuku.) 

I..  tnhittwiraptniiR:^,,  eillBUd  KinWiBl  >^.  Hniorv  vcdoh;  r.. 
cilialcnl  uprrturc ;  •-..  pHKiiot  pwi  of  inedulbuy  cuflal  \  tk..  ncia- 
chord;  JL»hKin;  kg.,  gill  tUk^:  />,  prritjTWichlAt  «pAC4i  /■.,  inda. 
(tylt ;  kf:  uiacMns  ptpllln 

Ofdet  I.  Lakvacsa  or  rEHE^NicaoRUAiA. 
Affttiitkniart*,  OUtfilmn*,  Frilif/aria,  /,'wdltv$Ha. 
This  otdet  inclu<le<i  a  few  ninple  pelagic  fanru,  which  exhibit  many  of 
the  chatacten  of  the  larvic  of  the  Atcidlani.  All  arc  mlnule,  and 
fiimislicil  with  a  large  litCTmotoi  [a.il  which  is  lient  fiirwanlis  ai  an  angle 
In  tlie  liorty.  C]iideTinic  cellt  neat  the  mouth  tccrelc  a  Aimy  but 
conii'stciit  test,  or  "  liouie."  which  ii  liequeaUy  abaodoDed  and  furmed 
anew.  The  lail  has  n  sopponing  luMocbeM,  and  very  Uige  muiele 
cells.  The  nervous  lyiiem  consists  of  a  lobed  mnelionic  moas  above 
the  mouth,  from  which  a.  nen'c  cord  is  oootlnuea  haekwanU  and  along 
the  tail ;  Ihis  Is  fumishol  wiih  other  pinglia  !n  the  tail  icgian.  It  lies 
in  the  hide  <'f  the  notnehoni,  and  like  the  ganglia  ia  Mid  to  be  (umliihed 
wilh  an  axial  ranal.  In  conneclion  with  the  cerebral  noglion  there  k 
a  |)i|tinent  K|>ot,  an  utucTsl  (audiloiyi'),  and  a  tubulai  ptioceaa  can- 
naunicalirig  with  the  pharynx,  anil  cotrcsponding  to  ihe  mnteunJ  ^and 
and  the  ciliated  lUici  of  oihct  Tunicalei.  There  nie  two  gill  slit*  which 
conununicaic  with  iwn  cctmleniiie  atrial  Im^aginatlaiui,  as  in  Ihe  cntly 
lomal  tUges  of  AuiJia.  The  month  ia  almmt  at  the  anterior  end, 
Iheanutat  ihc  lool  of  the  lail.  The  hcnrt  ijiiery>iiiiip)r,  and  there  arc 
no  ditlinct  ecnels.  The  hemaphrodite  reproductive  iiigiiiiii  lie 
posietiMly  and  are  dudlrra.  The  eggs  are  dimcull  to  obtain,  and  in 
eoiuequencc  lilUe  is  knoira  of  the  dei^pmcnu 
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The  Lan-acia  Farm  a  etou]>  of  ereal  (heorelial  interest.  As  lo  thcii 
pbylosensiic  pcnition  iwo  vicm  mtc  been  nyunUined.  Aocoiding  tu 
one  rcecntlj  icaueitcd  by  Brookn,  they  uc  the  slightly  moitmcd 
dtMCndtnlx  of  the  prlmilivc  Tuaicatcs  (fom  which  the  Atculiant  hare 
lUverpd  In  th«  illrtetlon  n(  dceencnilon  \  in  other  wonlk,  ihej'  uc 
primilivc  formt.  According  to  ino  other  i-lrw,  ihcy  tuive  liccii  ilrrlvcil 
troni  an  Atciilian-like  Ibnn,  in  which  ilcEmpnlion  had  atics'ty  laktrn 
plaoe.  anil  may  lie  ccmipan!rl  to  pienuiiuic^  texual  lame. 

Order  X.  AsciiiIacra. 
(o)  AtcUiuc  kimplIcisL     AitiJia,  F^aOtuia,  CiifM. 
{i)  AiKictin.'  Oiin|KMiur.    SalryUui,  PflfcttHnm. 
(<]  PyrofomiJu^    Pyromttt. 

The  chiraclnv  oTthii  otAvt  may  be  galbeied  from  the  ileictiptron  of 
AstiS».  Moai  arc  scdcniaiy,  with  the  noutile  m:cpiioii  of  fyruama. 
In  tcrenll  there  it  nn  alienuition  of  sexual  and  omiurI  r«init  in  Ihe  life 
hitloq'.  In  Pymema  the  cmbiyo  develops  wilhln  the  liody  of  the 
mothci ;  there  it  much  yolk,  and  d«velopmenl  I*  sliortened  ftnil  ^ireel. 
The  groler  nitmlirr  of  (he  Tuniatw  an)  included  in  this  order,  among 
them  KveiaJ  »cll  Know  ii  British  gcnenu 

Order  3.  Tk  a  mack  a. 

(a)  .SW/A.  (Xfo'n^jHHi. 

{t)  Dtiifltm,  Amhima, 
Tliit  order  contains  a  few  genrra  which  ihuw  considerable  modifica- 
tion from  Ihe  Asddinn  type.  With  the  poaiilile  exception  of  the  Utile 
known  0(lacn€iuni,  atl  are  free  xwlmmine.  and.  with  the  umc  cuep- 
tion,  pelagic  The  month  it  at  one  civl  01  the  budy,  the  atiial  aperture 
at  the  other ;  the  aninuU  «wim  \iy  foreinu  the  wait*  out  of  the  peri- 
branrhial  chambrr  pottrrioily.  The  cuticle  i»  wflm  vtty  tliin,  ax  we 
should  exueci  in  animalt  ao  active  ;  in  boiiio  tpecict  it  teems  l«  lie 
abaeoL  In  Doiielum,  the  muiclci  fbtm  hoops  encircling  the  Iwrre] 
shaped  body  :  in  Sa/fa  the  Ixidy  is  fiuiforin,  and  the  mutae  lands  do 
not  form  oomptcle  Aof^  Both  are  devoid  of  reproductive  ducts,  and 
verr  simple  in  »trucnir«. 

The  l;fe  histMy  shows  an  nitomailon  of  generations.  In  SaJfa,  a 
solitary  aaciual  fivmi  o  "  nunc."  giTct  rite  tu  a  complex  stolon,  which 
•ngments  lo  form  a  chvn  of  embryui.  Thli  chain  is  set  free,  its 
membcn  become  lextial,  and,  either  while  itill  united,  01  after  separa- 
tioii,  produce  ova,  which  ([tve  rise  to  Ihe  nunc  form.  In  Da/Mufi,  a 
small  Molon  forms  a  niimlicr  of  primitive  liailt,  which  creep  over  Ihe 
pHteni  anil  multiply.  Thc^  furm  a  latonJ  scries  of  indiviilviAls  which 
fumiih  tlic  ]«ii'nt  furni  with  food,  and  a  median  aeiici  which  lie  Kt 
bee  «i  aieximl  "  forter  moihcn."  These  carry  with  Ihcm  some 
primtthe  biidi,  which  divide  into  secondary  buds,  and  theu  finally 
Meonte  the  solitary  sexual  fiinns,  producing  ova  which  defclop  into 
"nurse*."  The  "nurse"  form  during  the  iHiildiog  proecas  dcraterotes 
gioally,  until,  like  the  swintming  l>clU  of  the  Slpbonophon.  Koeoomes 
B  mere  organ  of  locomotion,  nonrishcd  by  Ihe  lutenil  bmlfb  There  b 
thus  considerable  ilivisicn  of  labour  in  the  colonial  Ibrm. 
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CEfUALOCHOKDA,   AMPHIOXUS. 
|Sin(oiirH»,  AcXAMiA.  UtrrocAaDii,  r)iAaY)tco«iu.scttti.| 

Thbrk  is  but  one  well-ddined  genus  in  this  class, — the 
lanoelct  {/1m/>Ai't'xus).  Yvt  ii  dcsiTvcs  a  class  for  itst-lf,  so 
distinct  is  it  from  other  Chordata.  It  maf  be  rcgnnlcd  as 
an  offshoot  from  the  primitive  Vertebrate  stock,  lost,  it  is  to 
be  feared,  for  ever,  as  a  far-ofT  propliec}'  of  a  fish,  or,  per- 
ha|»,  as  a  degenerate  typc^  "n  weed  in  the  Vertebrate 
garden." 

Of.nkkai.  CiiAKAcrKKs  or  Ckphalociiorda. — A  cltat 
q/  timf^lt  Chordalt  animalt,  rtprtunltd  by  »n*  dhtind  tyfx — 
Amphioxut.  TAt  nerwus  system  Aas  no  well-defined  traiM 
regioM.  The  wfaeicrd  is  perHUent  and  nntegmenttd  ;  U  is 
SHrrounded  by  a  enntinuous  sAtalM,  ttHd  firojeets  in  a  uni^t 
muHHtr  in /rvnt  of  the  anterior  etui  of  the  nerve  eord.  In  the 
adult,  the  gill  slits  are  rvry  numerous.  From  fishes,  Amfki- 
oxus  is  widely  removed  by  tfu  absenet  of  limbs,  skull,  jaws, 
definite  (•rain,  symfiat^lie  nfrntti  system,  ejY,  ear,  definite 
heart,  splrtn,  and  genital  ducts.  The  sftdes  hatt  a  wide 
marine  distribution  near  the  (oasts  in  warm  and  temperate 
itM,  art  sluggish  in  habit,  and  feed  an  mierostofiii  argamsmt 
or  organic  partieles. 

Description  of  Ampkioxtts  laneeolatus,  the  best  known 
spedeft. 

Mtnle  of  Life. 

The  bncclcts  arc  fond  of  lying  in  the  sand  in  water  about 
jvfO  f&thoms  deep,  with  only  the  fiinged  aperture  of  the 
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moulb  projcciing.  Into  this  diatoms  and  other  small 
orgAnisnis  are  ^ucVed.  At  times,  and  especially  in  the 
evening,  the  adults  sometimes  start  up  and  swim  about, 
liut  they  arc  always  less  active  than  the  lan-ae.  The  early 
larr.-c  arc  indeed  pelagic. 

The  body,  which  rarely  mcasurL-s  as  much  as  two 
inches  in  length,  is  pointed  at  both  ends,  as  the  names 
suggest,  and  bears  a  dorsal  and  an  anal  culicul,ir  fin,  con- 
tinuous around  the  tail.  When  alive  the  animal  appears 
much  plumper  than  thir  spirit  specimen);,  and  is  translucent 
with  a  faint  flesh  colour.  The  muscles  are  arranged  in 
sisty-two  segments,  or  myotomes  readily  visible  externally. 
There  arc  three  unp-iired  apertures— (n)  the  mouth  is 
median  and  ventral,  and  ovcntrcbed  by  a  prc-oral  hood,  the 
ed^es  of  which  arc  frintjed  with  tentaclc-lilcc  cirri;  (^)  the 
atiiopore  opens  to  lh«  exterior  in  myotome  thirty-jix,  and 
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N-314  Lht  (■dioclti)',]  tun/iEjitf  froni  tip  iv  lip- 
.  pB>lttan«f  uiw;  (ainad,  ImJiw*  numbti  < 


gives  c\it  to  the  water  which  enters  by  the  mouth  ;  U)  the 
anus  is  ventral  and  slij^htly  to  the  left  side,  behind  the 
atriopore,  but  some  diKiance  from  the  [wstcrior  end  of  the 
body.  Along  the  back  there  is  a  median  fin,  which  is 
continuii'l  around  the  tail,  and  along  the  ventral  surface  as 
far  as  the  atriopore.  In  front  of  this  region  the  ventral 
surface  is  flattened,  the  flattened  area  being  fringed  on 
ehher  side  by  a  slight  fin-like  "  metapleural"  fold.  Tliese 
are  continuations  downwards  of  the  walU  of  the  atrial  or 
branchial  eharabcr,  which  extends  from  behind  the  mouth 
to  the  atiiopore,  and  into  which  ihe  gill  slits  of  the  pharynx 
open  in  the  adult. 
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Skin. 

The  epidennis  is  a  single  layer  cif  columnar  celln.  Some 
of  them  project  slightly  from  the  surfaci:,  and  nrc  connected 
at  the  b^c  with  nerve  fibres-  These  aic  sensory  cells,  and 
may  be  analogous  with  the  cells  of  the  lateral  line  in  fishes 
and  tadpoles.    The  epidermis  lies  upon  a  thin  layer  of  dear 


mk. 


-ax.f. 
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T\a.  133.— TmniTenc  icfIkiii  iliraMh  phMyncMl  rvgloM  of 
Anipliiouit.     (AAci  Kav  I^HKmKH.) 

qx..  St^wlondl  wil.,B«u[k(i«t,l>(iMib*til(liil>*t«s4«ma> 
■on*;  M.,  ■ywiiM«;  *^.,  Mn>-<ulu'uc  (uokI:  C,  tmamX 
C,  *  (mlwl  wrg  «lik  «*kl  n/,  iwwvlnitBl  iiM ;  air.,  airul 
imIit  1  fh.,  fhtrituu  olik  4«mI  akl  Ttolnl  (nota,  wd  kM« 

cutit.  Beneath  this  there  is  a  layer  of  fine  iiiIks,  which 
unite  tn  a  longtiudirul  C4iul  running  along  each  mcU|>lcuraI 
fold.    ThcM  RMiapkunI  canals  may  be  derived^from  the 
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body  cavity,  or,   according  to  another  view,  are  spaces 
secondarily  hollowed  out  in  ihc  tissues,  and  iopseudxalu. 

Ste/elon. 

This  is  very  slightly  developed,  for  there  b  not  only  no 
bone,  hut  the  supporting  material  is  not  even  deRnitely 
cartiJapnous. 

(a)  The  notochoid  luiw  from  tij)  to  tip.  It  consists  of 
vacuolated  cells,  and  [irubahly  owes  its  supporting  powi^  to 
their  turgidity  (cf.  plants). 

{6)  The  pharynx  is  supported  by  a  system  of  chitinoid 
ban,  which  border  the  numerous  gill  slits.  There  is  also  a 
paired  longitudinal  plate  along  the  mid  ventral  groove  of 
the  nharjnx. 

{<■)  The  mouih  ix  <:nil>niced  by  two  curved  bars,  each 
segmented  into  about  a  dun:n  pieces  which  bear  fiUments 
supporting  the  cirri, 

{d)  The  ihcath  which  envelops  the  iioiodiord  and  is 
continued  round  the  nerve  cord,  the  septa  of  connective 
tissue  which  divide  the  mu.tcle  segments,  and  produce  the 
^-shaped  markings  ;  the  150  "  (in  rays  "  which  support  the 
donal  and  ventral  lins,  may  also  be  included  here. 

Afuscular  %ste>ii. 

The  swimming  movements  are  caused  by  lateral  wriggling 
of  the  body.  This  is  effected  by  the  segmcnicd  laterLit 
muscles  in  which  the  muscle  fibres  run  longjtudin.illy,  On 
the  ventral  surface  between  the  mouth  and  the  airiopore 
there  is  a  transverse  set  of  fibres  which  help  to  drive  out 
the  water  from  the  atrial  cavity.  Other  muscles  occur  in 
the  region  of  the  mouth  and  elsewhere.  Nearly  all  the 
fibres  are  striated. 

A'ervoHS  Sys/tm. 

The  dorsal  nerve  cord  is  shorter  than  the  noiochord,  and 
has  no  anterior  swelling.  It  gives  origin  to  two  sets  of 
ncn-cs,  dorsal  and  ventral.  The  dorsal  nerves  correspond 
to  the  segments,  except  in  the  anterior  region,  where  they 
are  more  numerous,  and  the  Itrst  (ire  pairs  may  be  regarded 
as  cerebral  j  the  ventral  nerves  arc  minute  and  numerous. 
The  two  sets  are  comp.ircd  to  the  singl<>rooted  sensory 
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donal  nervo,  and  the  many-rooted,  oMitor,  vential  ncrrcs 
of  highcf  Vcnebrsies.  But  the  donal  nerres  of  Amphioxus 
Bopply  the  muscles  as  wdl  as  the  skin,  so  that  they  roust  be 
pntly  motor.  Furtl>CTinDTc,  tbcrc  is  no  connection  t>eiween 
the  two  sets,  and  the  dorsal  nerves  have  no  ganglia.  Nor 
•re  there  an;  sympathetic  ganglia. 

Tbe  Mtcriot  rcgSoo  of  iIm  ntrrc  rari  f«  wM  to  exhibit  mmw  hirtoto- 
gkal.  thoatfa  no  RMtptwIo^eal  iliaiBcti*tiMBk     With  it  the  faUoimiic 

(«)  SliohtljriotlwIcAMdellwicbftdlkiedptoaeoMlkdoUutoiT. 
The  dmIopaicM  of  thn  b  iiitimliim  Tbc  eanijp  of  th«  BtdoUu; 
tobe  opens  at  iM  to  Ibc  extcriot  b^aMaMctlMtperMri^ibeiiiewnfiorr. 
Lu«r,  u  invi(bMtliM  of  the  tctodenn  take*  pUce  al  IbU  poJM,  and 
(aitita  the  neiUDiMre  in  with  it.    Tbi*  inninineiiMi  (ucim  tbe  oltuioty 

CI :  il  XI  lint  opeiu  into  the  newal  lube  by  (be  ]<eni>lMt  otwopaee; 
'XI  ihii  cleaeit  and  tbe  pit  beoomci  >  mere  lili&d  lac.  That  iHTa^iM- 
tion  Eiu)-pe«tiapscMn«M(Kt«ilt)tbedliatod(liKtaf  tlicnb-ncimlpaiul 
of  Tucu^tc*.  and  M  wMh  put  o(  the  btpoiikfili  of  other  VettebnHcc. 

(^)  Al  Ibe  end  <A  (be  nerve  coed  there  U  s  p^Dcnl  «))0I,  wuwtel 
callnl  an  eye  (pot.    Thct*  are  aa  Uoc  eyr^ 

U\  On  the  loor  of  Uie  mouth  thete  opens  a  nnat]  mc,  (be  p(e-anJ  pk, 
whidi  nunrhantalastinflat  smeUingMiiciiatL  ItarUdiadevclapatent 
boat  (be  mA  of  two  pooMe*  which  grow  oot  aniCTtoilr  Irom  the  gut  o( 
the  enbeyo.  The  iljifii  of  Ihne  povehei  fonm  tbe  head  eantv  of  (he 
*d>ll,  to  that  oaloccnelioUy  tlie  prr-otal  [rit  b  (he  aborted  head  caniy 
of  (h«  left  tide,  'niu  U,  however,  onljr  ooc  of  manjr  explaoaliont  of  ihe 
omn. 

It  it  likely  that  the  moit  imponaoi  %aaotf  ttmclara  of  the  Adull  arg 
(he  teiujiivc  celb  ol  ibc  riHdcitnii. 

We  may  connect  tbe  feeble  ckrekipnent  ot  icme  ot^fxe.  with  the 
abnoit  (odentary  haUt. 

Alintentary  Syttem. 

The  true  mouth  or  velum  lies  well  within  the  projecting 
pre-oral  hood  with  its  frinjie  of  cirri.  In  ihe  larva  this  hotra 
IS  absent,  and  the  mouth  is  flush  with  tbc  surface. 

The  mouth  opens  into  the  pharynx,  which,  like  it,  is 
richly  ciliated.  11k-  phar>'nx,  like  that  of  Tuiikatcs,  and 
indeed  of  Fishes  also,  is  modilKd  for  rc&piration  (Fig.  13,^ 
J*h.).  Its  walls  arc  perforated  b)-  numerotis  gill  slits  on  each 
tidv,  and  between  these  lie  su|>porting  bars  and  arches, 
alternately  split  .itid  unspliL 

Along  the  inid-dor<>u]  and  mid-vtntral  lines  there  are 
grooves  respectively  called  hyper-  and  hj-pobranchial.  The 
Utter  is  comparable  to  the  cndostylc  of  Ascidians. 
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The  pharynx  opens  into  the  intettinal  region  of  the  gut 
which  U  atraight  and  simple.     Near  its  commencement  s. 

potich-ltlce  "liver"  or  ca-cum 
U'ig-  '^J-  C)  arises,  and  ex- 
tends forn-ard  on  the  right  ude 
of  the  pharjnx.  The  anus  is 
some  distance  from  the  end  of 
the  body  [d.  FisMes);  in  the 
\itvi.  it  i.t  close  to  the  caudal 
fin. 

BfiJy  Cai'/(c.— Thii  c«i  only  Iw 
undcrttfKMl  wlicn  it*  ilriTlopment 
t>  uudlccl.  Krotn  ihr  nidiFiilricfl 
of  iVic  cmhrj'o  a  poucli  s"'^**  ""t 
on  tach  wde,  uiil  bccmnn  nlmiMt 
U  onc«  Mgmenltil  inia  ■  icrics  <A 
ntull  BU9k  TheK  lie  one  behind 
the  other.  Mid  Mxin  Imc  ftlt  con- 
ne«liiHi  ttilh  the  gut  Each  ulti- 
maid)'  divides  into  two  ponion*.— 
nn  upjwt.  the  True  primilire  itg. 
mcni,  ond  11  lower,  conttpondinj; 
to  the  iDIeral  plate  of  other  Vcrlr- 
Iirolci.  The  pflmlilve  M|;nicnt( 
form  (he  \ndy  nivnculalLiir,  >nil 
Mliin  (heir  wenieiitJltion,  Theii 
cavity,  I  he  mgrocrle,  ix-nuls  [■> 
8UR10  nieni  in  ihc  biIuIi.  fbmung 
the  9)rtlem  of  lymjih  !.pace*  ind 
cAniils  which  lie  lielov  ihe  cutib 
In  ihc  ri-jpon  of  Ihc  lulenil  [dftIM 
the  K|ita  disappear,  and  (he  en- 
cloned  ipAoe*,  boundcil  tiy  •omnlo- 
lileure  and  *pIanchni^<1niTc,  unite 
10  form  (he  "fiplanchnontla"  vhich 
wmounAi  the  cu(.  Poiieriorly,  tlii* 
>!««  existt  unconilricted  in  the 
adult  t  ■nleriorly,  il  i*  reduced  to 
small  spaces  nndcfplomicauioli  hf 
the  dcTclopnienl  of  the  a(rial  chain- 
l<c>.  Thii  piiKha  (lie  Mnutopleurc 
up  bcfntc  i(  lui  it  develops,  anij  to 
i>  boUowed  oul  at  the  cipense  of  the  inic  Cfrlomo.  Tlie  e«ploinic 
fpoce*  and  canali  conl^n  ooogulable  fluiil,  and  arc  in  Bome  rcEiona 
contmiioui  with  ihe  blood  riiialfc  They  leptGWHi  the  ^mjUMtic 
cfttem  of  higher  forms. 


FlO.  134. — CrOM  tccliou  <•( 
Aittpbioxtu  throueh  ihc  ^1 
»Iit  rc^on.  (After  BOVKKI  anil 
HArsCIIBK.) 

The  •pinal  <ari,  nouiclisnl,  phwyUi 
wid  uriat  avliy  m  iinli iiamd. 

■>.  Stina  law ;  t.  fucU ;  t,  nucic 
pUlc :  ■',  nilit :  r.  ntpbrUiil  «iul : 
/.  tnvoiii  Ihi  tulxllantiil  ptn  c(  ihc 
eqlom*  nn  \rfi  v^a ;  g.  efontnilut  of 

avily  i  /.  u»n»vcpi*  ikukIc  :  k,  c**i' 
1W*  In  jgiKiiiKi  of  RuUkpleunl  fttlil*; 
/,  (Aviiy  in  dona)  On  ;  ■«,  Wli  \  ■■ 
loixbiil  tsHl  1  '.  luwicbiBl  UUry, 
lb«  ^Ina  <«%■*!*■  Ar^r  iTm  mclaplaiiial 


cavhy.  ihcoilieurUICailiri  vil  Anally 
0.  miimie  pd'l  of  IIk  Ttcloiae  bvneuK 
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Hespiratory  Syileut. 

The  waicr  whidi  enters  the  motith  and  passes  down 
the  phaiyiw  leaves  this  by  llic  numerous  gill  sliis.  In 
the  emhryo  tlwse  open  directly  to  the  exterior;  in  ihe 
adult,  into  the  xlrial  chamber,  which  opens  by  the  single 
Btriopore. 

In  (IcTclopmccI  Iwo  fnldi  appeal  l«l?raUy  on  ihc  tody  waII,  and  fotm 
the  holtnw  niclaplcural  futik  oJ  i)ie  blull.  On  ihm  iiinn  AjipciiicO,  but 
not  un[t«<l,  humc<s,  Iwu  riclgc*  »pag»x.  ThcM  paw  KiHi/dt  viic 
anolhn  snil  unite,  kuving  ovXj  the  ktnopotv  opeo.  Thus  tht  fltui  ul 
the  alriol  chsmljer  (F'iu.  ijj,  ofr.)  ii  jiruuuced.  The  cbMobct,  a>  flnt 
fbimvd,  ii  a  lube  wilii  a  very  ntiall  lumen.  Sccondaiily,  it  bctinnc* 
cnXaigoi,  conitiictioe  the  lioily  cavity,  at  wc  noliotd  kbore,  uiitil  il 
como  aJmosi  lo  turiouiui  tbe  nil.  At  the  ttme  time,  the  iiielajilniial 
folil*  IncreaM  in  lixc  untiT  llicy  BMume  (lie  lilult  ajijicaranM 
(Fi|[.  I  J],  mf.).  Tlie  wMc>  cuFTcnt^atc  krpi  up^iy  Ihc  actiMt  or  cilia, 
Ami  by  (he  iiii>vcincnt)i  uf  the  tiai»t*cnc  niuaelrk 

The  gill  utiti  gtulually  bennne  more  numeroui  ai  ihe  aninu]  grow* 
oilier,  and  in  the  adull  there  ate  more  than  a  hundred. 

The  original  number  of  gill  iliti  i«  doubled  by  the  Et^nrth  of  a 
secondary  dm  down  (be  ccntic  of  cich  hlii.  [hns  jirouudnf;  vwo  {iU  tUts 
where  there  waa  bnneily  only  one.  I'heiiriiiary  lanaicOiulnpiMicd 
ftotn  (he  trccondMy  in  being  iplit,  and  there  are  alto  hiuolocieal 
(UBomcci  between  them. 

Cireuiatttry  Sysfrm. 

The  blood  is  colotirltr^s,  with  a  few  amccboid  cells; 
There  is  ito  definite  hean.  but  the  ir-esscis  are  said  lo  be 
contractile  in  several  places. 

Vemch  from  the  body  and  from  the  ncum  unilc  to  form  a  ventol 
vein,  the  cardiac  *ona,  which  rust  foraard  bcnralb  the  jihaiyni.  From 
this  vesd  a  lerie*  of  inialki  vntcU  arlM,  which  pus  up  the  priuiarjr 
branchial  rodi,  and  aie  teemed  aortic  atchm.    The  muat  anlenm  of  the 

S\l  udc  il  loiEer  Ifaan  the  rest,  and  wndji  tvauches  to  Ihc  bead  rcgtoiL 
c  aortic  aichc*  apparently  open  iniu  Iwo  dornl  re«cb.  the  light  and 
leli  dotMl  aortic,  wliich  luute  at  the  hinder  end  of  the  phniyni  lo  Tom 
a  ilwie  Tcncl  mnning  backward  above  the  intctline.  The  blood 
vmdeU  which  arc  tuupoicd  lo  lake  blood  from  the  JnlrMinc  to  the  liver 
arc  termed  nortal  veins ;  Ihokc  jMHilnf  fnini  the  liver  to  the  >«ntral  vein 
arc  lermeil  ticpalic.  The  portal  vein  and  Ihc  cardiac  aorta  arc  udd  lo 
lie  ipedallv  coniiaciile. 

AuhoiiCh  ihc  Dimei  e-vtTi  al»ve  to  Ihc  various  maeU  indioilc  ihe 
rittn  fpturally  held  oi  lo  the  ccunc  of  Ihe  blood,  out  knowlcd|[e  of  Ihlt 
it  only  hypothellcal. 

ExirtlMy  .V>j/«n.— (it)  tjulie  rccenlly  Prof.  Boverl  hM  HiiKttrtaA 
nephrldlal  tubct  In  the  aduli.     "These  arc  found  In  (he  region  of  the 
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pboijDx,  an'l  Die  ihorl  lubn  which  place  tlic  i^uli'Chonlnt  Qctame  In 
conimuiiiaiiiijn  Willi  \i\t  nliul  c)ULnilH-t."  Tliuy  (i|>cn  intii  llic  cnrlotne 
liy  ihnc  o(  Ai»t  Itiniicl  thnpoi  oprnin^t,  anil  atuiinti  Ihriii  Ihv  tcucis  of 
the  gill  kIU)  furm  >  so-calleiJ  glumtrutus.  Thvy  occui  in  tclBlioii  to  the 
gill  ^till,  «ad  opcD  on  the  Koonilarr  bntnchial  btirt.  Ucn'cti  rcgatdi 
thciu  ni  eauivaleni  to  the  pconeplirii:  lubulei  ofolbci  Venelmila.  Of 
lhd(  ilcvclopmEntRl  hittdiy  nullilni;  it  known. 

(J)  Pfurcwot  Itni-iiiel:  ili>Kin\'if<l  In  ilic  .interior  ic^ioD  of  the  km 
a  ne|>hTlilml  tiil>c  whicli  it  atnnit  in  llie  full  gcowii  wlult  i  acoo^ing  to 
Van  Wijhc,  thi»  i>  the  teiiiiue  of  ihc  ooimnuoiouton  between  ihe  loft 
anterior  tlit-rniculum  (or  pre-orjl  pit)  and  the  enu 

(i)  rmfcuor  Kjiy  Lanlmtcr  diuoncctcil  ■  |iaii  of  ihorl  plgmealed 
funricl  lutiOi  (Fi;;.  ijj,  a~<.f.),  which  tic  in  ihi;  twcniy-Kncmh  u|pncnl, 
anil  |ihuc  the  lymiiluiiiu  ipcn  nf  the  nietipkiirat  fo1<!h  in  cammunica- 
tion  with  Ihe  atrial  mriir.  Thrj-  iiiay  be  ct>m|nrv<l  with  the  pore* 
which  open  from  Ihe  oatlor  region  in  Balaaf^lf%itn,  nni)  uith  llie 
aUominal  pom  of  higher  Vcrlebiatcs.  "Il  ii  ilouhlhil  whether.  Ihey 
Rpreieia  nephritlio." 

Rtpri>dtutivt  Syttftn. 

The  sexes  are  separate  and  simibr  ti)  one  another.  The 
orfpiiu  are  vtrr)*  simple,  and  arc  without  ducts.  They  form 
twenty-six  pairs  of  horsc-shoe-shapcd  sacs,  lying  along  the 
inner  h-<i!1  of  the  aliiaJ  cavity  in  segmenls  ten  to  thiny-fivc 
on  each  side  (Hg.  133,  G.).  Each  lies  in  a  "genital  chamber" 
fonned  in  devuTopmeiit  by  constriction  from  the  cavity  of 
the  lower  part  of  the  primitive  sc^pient 

In  the  niaturt;  female  the  ovaric*  are  large  ond  con- 
spicuous; the  ova  burst  into  the  atrial  cavity,  whence  Che}- 
pass  into  the  pharynx  by  the  gill  slits,  and  out  by  the  mouth, 
or  more  directly  by  the  atrioporc. 

The  testes  are  like  the  ovaries ;  the  spermatozoa  burst 
into  the  atrial  cavity,  and  pass  out  by  the  atrioporc.  The 
eggs  arc  fertilised  in  the  surrounding;  water. 

Devtiopmenl. 

The  fertilised  ovum  is  about  ili  inch  in  diamelcr.  The 
segmentation  is  complete  and  almost  equal.  The  first 
cleavage  is  venical,  and  divides  the  ovum  into  two  i*qual 
pails ;  the  second  is  also  vertical,  alone  a  meridional  plane 
at  right  angles  to  the  fir^i.  and  tht;  result  is  four  equal  cells. 
The  third  cleavage  is  eiiuntoriul,  and  uivea  rise  to  four  larger 
cells  (or  macromercs)  below  or  tovaid.t  the  vegetative  pole, 
and  to  four  .'^niallcr  cells  (or  ratcroroeres)  aUnc  or  towards 
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the  animal  pole  I'hc  blastosphcre,  which  is  the  final  result 
of  scgmcntalion,  invaginatcs  to  fonn  a  gastrula. 

Along  the  mid-dorsal  line  of  the  gastrula  the  ectoderm 
cetia  sink  in  slightly  so  as  to  form  a  groove.  This  ts  the 
medullary  groove,  which  here  follow*  an  unusual  course  of 
development.  Instead  of  immediniely  L-lowing  to  fonn  a 
canal,  (he  groove  sinks  inwards,  and  (he  lateral  eciodenn 
grows  uvci  it  before  closing  takes  place.  Ljitcr,  the  groove 
forms  the  medullary  tube,  which  opens  into  the  gut  by  the 
ncurenteric  canal ;  to  the  exterior  by  the  anterior  neuroporc. 

The  cavity  of  the  gajtrula^ihe  3r<'hetiteron — becomes 
the  gut  of  the  adult.  From  it  poucheii  grow  out  as  vas 
described  above. 

The  notochord  arises  along  the  mid-donal  line  of  the 
archcnlcron  :  its  forward  extension  is  secondary. 

During  the  early  part  of  lan-al  life  the  ectodermal  cells 


Fro.  135. — E«[ly  tUfit*  in  I  he  <lcvc1opiiient  of  Aniphioxufc 
(Aftci  Hatsciikk.) 

I-  Ovum  \  t.   t'uur  »fl  vlMG* '-  >  Eattbl  f^  »Uf* :    4.  ]CJIIf*T.A) 
iiiuiMniiTM) ;  I-  li«slnnin|  of  ^giMniU  utBt ;   1.  Sasion  o(  »«. 

including  those  forming  the  medullary  canal,  are  ciliated. 
At  this  stage  the  larva  is  much  more  active  than  the 
adult. 

The  later  larva:  arc  more  wdcntary,  lying  much  i>n  the 
riglit  lidc,  and  the}-  arc  strongly  asymmetrical.  The  mouth 
is  placed  at  the  left  side ;  the  gill  slits  of  one  side  appear 
coitsiderably  before  those  of  the  other ;  the  primitive  seg- 
ments of  one  side  are  not  opposite  those  of  the  other,  and 
so  on.  By  the  proceu  known  as  the  "  symmctrisation  "  of 
the  tarvs,  the  apparent  symmetry  of  the  adult  is  produced. 
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I'he  adult  position  of  the  anuK  and  of  the  olfactory  pit,  both 
to  the  lcl\  .'(idc,  .md  the  pusilion  or  the  unpaired  liver  diveN 
ticulum,  show  how  paitial  this  process  is. 

EiftrinttUai  EmtrytJfjff.  — Ai  an  illuitralion  of  what  toay  be  colled 
enpennienial  cnifai}'o1af[y,  and  of  the  dcvclopmcnlnl  potcntUliiy  of 
the  ftni  few  KgmenUUan  cellii,  lefcicnce  may  Vw  itoiIc  X\i  the  fvccnt 
exTCrliumlx  of  Trof.  E.  It.  WlUcm. 

Br  tliaking  the  <r*tcr  in  which  the  ihe  (wo-ccUctt  lUgcs  Aoaled,  Mr, 
Wilson  Bcpajstcil  tho  twu  cclK  and  Ihe  remit  wa>  two  uuilc  separate 
%tiA  ind«peotlent  twiiui  of  half  Ihe  Donnal  liie.  £ach  o(  Ihe  iHilited 
celb  Kxnients  liDt  a  tumal  ovum,  and  givci  origin,  through  blottula 
and  gulruta  tiogck  to  a  half-iue*I  mcUUDcric  lamn. 

If  Ihc  iihoking  hot  tc|i«niled  the  two  lint  ucnieniilioii  celU  incom- 
pletely, doutile  cinhryo*— like  Sinmne  twini^rctuli,  asA  ulio  fonn 
thort-liretl  (lwenly*(uui  \K<un)  wginenieil  Unie. 

Similar  operimenit  with  Ihc  fciiii-cellcd  stages  sucoccdeil.  though 
devdopmcnl  nerec  euniinucd  long  after  Ihe  (asx  aspcsnace  of  neta^ 
mcriim.  Complete  iiolaiion  of  ihc  four  cclU  resDitcd  in  font  dwarf 
blululir.  icoiitrulK,  and  eren  lorvjc.     Sepanillon  Into  two  pdn  of  cell* 


Flfl>   l]6i — Three  larval  Macet  of  Amphioxiu.     (After 
Rav  Lamkihtiui  and  VVillrv.) 

A,  The  aietBplcutil  r^lib  dill  xiMnue:  ".  uniigd  PAKrierl)! ; 
Ct  uni»il  *lEDE<iIwr;  ttf,  atrkipofe;  fv~.  giU  iliu;  i/,  UTt  meLi' 
pl«un)  ruld  I  r/,  tij[bl  mtu|»leur&l  fold  ;  w.  mouLb  ;  (^  cilintcd  ph- 

tcfulleH  in  twu  halt-iiird  cmbrjo!!.  Incomplete  teparalion  resulted  in 
one  of  tliree  typo— »o)  double  embryo*,  (*)  triple  cmhi)-eB — one  twice 
Ihe  liie  of  the  other  two— lutrt  {t\  (jtudniple  embryo*,  each  ■  quarter 

The  affii  observer  pr(icec;lcil  to  »hakc  up  the  tdfihl-oellcd  «lagM,  but 
la  no  ea*c  did  he  tuccctd  in  leoring  a  eB*ti^l>  from  an  iMlaled  unit  of 
Ihe  cleht'Celled  tUgoi.  Flu  plites,  curved  plnlei,  even  one-oi|^lli  aire 
IdMtube  irere  firmed,  but  none  icenied  capuile  of  fiiU  development. 

Thui,  a  unit  from  Ihe  four  ceU  ttoce  may  farm  an  embryo,  tirn  a  unit 
from  the  cieht  cell  (la«  doe*  not.  For  vaiioui  rcuofit  It  tccmi  likely 
that  thii  I*  dae  to  quaKiulve  limltukni,  not  iiiercly  to  the  bet  that  Ihe 
ufilti  of  the  ciKhl  cell  lUge  ai*  toialkr.  For  allhouEh  the  Mpuatcd 
Mllaof  thecishi  cell  tUfie  have  couiderable  vitality,  and  swln  about 
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aCTivel7,  dte  iiilfcn.»i.L  bawcea  uai  iimh.ii,  i  bkj  iiijlujm.iu  &■»  b*  dits 
Dau  been  i  irilifklu  il ;  m  bet  the  cdb  iuic  bqmi  31  be  ipedii^Eil. 

Cv.li.  vEiich  «iplaiia  ;be  fierdapnifiical  pctenoiJitT  ot  t^  KnEited  nmts 
n<  etc  taiv-ieOeii  nc  foar-CESed  iU;?s. 

SoAeivha:  ■""^"^'*^  cxpmmiaiG  have  bc^  made  br  ^h^  ici^iD^aEon 
rMi  :hc  rlcTcLo^iiig  '-^^  *^  txj£aii^  va  jih  '.rrt^  ^j_  Swco&iJQpa  of 
*i!g;in«iUiirin  cdli  ifpem  lo  oomc  V  liilfeief.i:  :Jrno  ia  cB&test  "'""K 
bat  it  n  illngical  ui  aits  the  abaoicc  of  tpcCEiSariaii  iioai  ^x.  Eici  du 
any  'A  iW  b^  frxv  bla4tnai0T&.  Let  is  ^t.  *~g"  pTyfm-p-  ui  dtirt  embrroL 
Fiji  ipecnliMri  cetb  out  retaic  a  pm^i  ot  regecBjaxL, 
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STRUCTURK  ANU  DBVELOl'MENT  OF  VEKTEBRATA. 


Since  the  time  of  Aristotle — over  two  ihou&and  years  ago 
—  the  disimction  between  backboned  mid  l>ackb(iiideu 
animal.i  niu.st  hxve  been  more  or  letui  evident  tu  at)  who, 
will)  any  precision,  thought  of  tlie  forms  of  animal  life. 

Yet  it  was  not  till  about  a  century  ago  that  the  line  of 
separation  was  drawn  with  adequate  firmness.  This  Lamarck 
did  ill  179;- 

But  the  doctrine  of  descent-  -the  idea  of  organic  evolu- 
tion— with  which  Darwin  impressed  the  ihonghtful  in  1S59, 
suggested  inijuiry  into  the  apprvntly  abrupt  sprtnns  of 
the  group  of  Wrtcbtatts, 

The  inquiry  bore  fruit  in  1866,  when  the  Russian  naturalist, 
Kowalcrsky,  worked  out  the  development  of  the  Vertebrate 
characicrislics  of  Ampftioxus,  correlated  this  with  the 
dc\-clopmcnt  of  Ascidians,  and  discovered  the  pharyngeal 
gill  slits  of  Hittana/^hssui. 

From  what  has  been  said  in  fcj;ard  to  these  three  types, 
It  will  he  phin  that  the  .-ipparcnt  apartnesi  of  the  Venebrau 
was  thus  annulled. 

Gkhrral  CiiARACTiiBS.  —  Vtrttbratts  art  orhinaU 
Afftaioa,  with  a  ugmental  arrangtment  pf  parts.  The 
etntral  nervoui  lysltm  lies  in  tht  dorsal  mtjiait  /me,  and  it 
tutular  in  its  orisin.  A  skeUlal  rod  or  notixhord  is  formtd 
at  en  oulgr&ivth  along  ikt  dorsal  mtdian  Une  of  the  primitive 
gut,  liul  though  this  is  alsvays  present  in  the  embryo  at  least, 
it  tends  to  h  replated  hy  a  mesoJermie  axial  thtletoH — the 
biuh^nr.  Pharyngeal  gill  slUs,  which  uiay  or  may  not  per- 
sill  in  adult  lift,  art  always  developed,  1>nI  gili-lamtlla  do  not 
octur  ahont  Amphiliians.  The  heart  is  ventml.  T^e  fye 
hfgiis  A»  develop  as  an  outgrowth  from  tht  brain. 
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GENERAL  CLASSIFICATIOS. 


\n 


GtHtrai  ChusifiiiiHon, 


{Ctfliulie  [flrinf  I 
Railue  (nmnlng). 
Saaninr  (oxtinci). 

,  .Craoodilb  (crooo- 
■^    dto.  *c.)- 

Ophidic  (NUlOM). 

UMRlUa  (liwdi. 
Ac.). 
REmtxk     RhynclioorphaU»~ 

Chcloniii  (tonoiM*. 

«c,). 
i:itlni:i  Repiiln  — 
(nwuijr  cbtBca). 


Maumau. 

3.  Sutberia.  PlncRnulb ,  tfono- 
delphia  :  Ihc  hichn  places- 
Inl  nnunmnli. 

a,  Mflnlhsia.  Uonupiolu.  Di> 
ilelphla :  Kanganioti  ^; 
jrounjE  born  pnKOOKnuljr. 
lununy  numired  ia  pouclus. 


I*-  1.  Prololheriii.  MoDouenmlii, 
OrDithodclidun :  oviparmu. 
OrnUktrkftitkmi  and  £r*- 


SAurop»idit. 


MmiimoJiik 


Aninioui.  ctnbryos  lailh  mnnioa  and  alluiMls. 


FUKn.— Dipnoi  (iloublr  brwltt- 
ing  mud  fliha}.   -- 
TriHaici    (madam 

bony  BsbM). 
Oanoidd    <inu|coa, 

Jtc.|. 
Elumobnnolill  find. 
Hcaoo«phali),*lcaie, 
*tMrh.  «F. 


>-  .UtfUlBIAMS. 

Anuni  (uJIka  Ihsgi.  Ac.L 
Urodelnflailnl  neatl^.X 
Gymnocuilona   (wotni-Ukie 

EiUncl  SienimihaU  (£u- 

brrimtlKjfm.  ki.\. 


Iclitfayoptida  (fliha  luid  uu{ihiblMu|. 


Cyci«vti>MATa  {Round  MoWha],  without  true  jowa. 


LaacctH. 


lAtcidioti     lyp«    (kr 
™  J     u|uirtt). 

I.    voltypcpcnliiani). 


SurvnrnK  WMiooli  of  anocnnl  VencbnHc*. 

Hkmichorda.w  EKTKMOPNKlrSTA  (offihoou  o( iDcipicnt  Vertcbntm?) 
Bala»^»u¥S,  Ac. :  probnbly  CtfiahJittm ;  poulbly  giaUnflnra. 

NvmertoLti  affiniiic*  {?}      Outlopod  nfllcities  (?)      Arthropod afllniti«*<?l 


4X4  STftt/C7VK£  OF  ySKTMBSATA. 

Anatlry  a/  Vtrlthrnlts. 

Il  i*  not  >l  pToenl  potoible  lo  Inioc  Ihc  nolh  aJniig  which  VcncbtMn 
have  evolved,  Ihooch  our  laiih  in  the  •lodimc  nf  eralvtion — m  tx  mod*] 
Iheury  of  nrigjnt— M«dt  ut  lo  txlicvr  ih«i  Vnicliratc*  aiOM  bom  fonn* 
which  wore  not  Verlct>RU(n. 

BqI.  even  when  we  lecogiuK  ibu  Amfkitnu  is  a  Vcnebme  veijr 
*Imp1c  in  lb  g«t)eial  feuutci,  and  (hot  (he  Tunicitn.  npcdatlf  in  that 
youth.  >rc  Vcdehntet,  wc  hare  lo  rcmciiilio  thai  dq^neniion  mbiim 
14  tinve  liMH  liy  no  niMiu  uncoainan  in  ihc  lii>>ior}'  of  aoiituilt,  and 
that  llie  XfptA  ahote  nieniioncil  mi.f  Vw  li-«  jiiiniiLirc  ih;iii  ihry  treni. 

The  EnteiDpntusta  carry  m  a.  hill*  further  Ixick.  tut,  while  many 
of  iheif  altered  Veitelinlc  duncteiiitin  anr  rlctnlniblc,  one  cannot 
{tiauy.  for  iiutancc,  [he  powtwion  of  phatyngml  gill  iJiu.  Bui  the 
alSoillLi  of  Ihe  EnleroiinciutE  with  Invertcliwc  tyim  xk  cntlicly 
obKUK. 

Wc  have,  in  fact,  lo  acknv* ledge  fnuihly  Ihai  the  iicJi^ee  o(  Ven«- 
tastes  imuiiiB  unlinoum.  At  the  wme  liinc,  it  ik  uiclul  lo  ciiqiiitt  into 
ccnain  convoEeocei  lowudi  Vcrielnate  sinictuie  which  aie  eilillaled 
■Bums  varimu  «l»  of  lni-envbni«. 

In  lecatd  lo  llv»c,  ipecnlatjon  lui  been  nbundinL  Alhwed  oflinillea 
twvo  been  thscovcicvl  among  Arinclidi,  NnnerieaBi.  Araehnl'lt.  Cltn- 
UCiewt&  &&  Indeed,  il>e<e  ik  almwi  no  ^rrat  rloMi  <A  Inv-cttebnita 
HeUMk  wlwae  chafaeion  have  iicil  Ima  lUKeiaoiitly  intrriwelnl,  or 
mcMcil.  M  as  to  (cimI  affinitin  with  Vcntbralea.  11  will  be  eOM^ 
to  tclect  |it«  UlMnlioiis. 

AnmlU  ^^IrilM.— L>ihiii.  S«ni)wt,  Beard,  ood  oihon.  iDoinialn  llial 
AmnUiU  km  afTinflle*  wiih  \'eitebrnie«. 

Ill  I^lh  Annelid*  aii<l  VoitetKOir*  are  lepiMMed  animaU 

(1)  The  tmiMiilal  Dephridia  of  Auiclidi  coRetpoDil  to  the  prinj- 
tivc  kidney  lalic>  of  a  Venclvaie  cmtnyo. 

(it  Tbr  venlml  ntn>e  Mnl  of  Annclidi  may  be  otunpoml  (b 
nlicfoil  peilllolil  to  ihe  donal  nerve  cotH  nf  VeiietirMeb 
IMIi  COM*  OM  bllaloral,  and  It  k  liVrly  rtiuuKh  ibM  llio 
tuIniUr  chUKtor  of  ibr  wiittal  «»il  and  liraia  a  the  noce»- 
•My  iwah  of  iu  mude  ul  deveta|]aieiit,  and  wilhoul  iMOili 
nio«|4iol(i|^rat  Impotlance. 

(4t  Jimtent>llyanii>i;cil  eniiglla  al-oui  Ihc  •ftpendocaoi  tome 
CkMlopod  wiitMit  i,inir(vifrr>tKiiiil  t»  ihe  bnaeUtl  anil  totenJ 
■ctnc  ortptn  of  [ehihyopolilo.  and  ibe  ganglia  omociiUC'l  wiih 
Mine  nf  (be  iii-rw  fKini  th«  beain. 

(5)  The  bniiaiina  of  IW  ofal  |iarl  of  the  iiiloiiary  liody  (Mr 
pajje  4}6)  it  ■io:allve  of  ilic  «»  iu  khicb  Ihc  moitfb  of 
Anotllili  b  toaoMime*  ^Kmfd.  l^iliatK  the  pitnloiy  body 
lepmenla  an  oU  loM  nwolh  ami  Ita  OMrnl  (nnemiwib 


rn  latnoa  jiotati,  oKh  a»  iho  tc<l  blood,  mil  devcloficd  boily  oa*liy, 
I  liiKh  iMaratl  kkeliionofMnwOniopoda,  Utile  imjionancc «■  na 


To  I 
anl  I 
allaiJi«L 

Th>  alnence  nf  aayihiai;  like  clH  ■)■<•  >■  AnneUda  temaini  oa  •  ditt- 
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cuity.  even  if  wc  gritni  ilui  no  cin[ihaMi  U  la  be  l>id  un  ihc  mbulw 
nerve  coid  oT  \'cft«l)ral«»,  «ud  idoiil  (ba  powUlity  uf  ui  invoraloa 
br[n|[inj;  ilii:  ventral  nMvc  ootd  lo  llie  donal  uuface. 

Ni'arrlean  Afim'tin.—Wahtixbl  "nd  olhen.  have  cniphuitKl  iho 
aiKnilin  bclwccn  Ncmcrtcani  and  Vciletiiaict. 

In  NcmcridRf :  — 

(I)  The   ixtnai  Dim  cordi  acniielimn  iipproach  one  noolbci 

TcntRiDjr,  aiild  in  rare  nurn  dunally.      An  aiijiroitiniuicin 

duiulwitiils.  and  union  on  thai  (Urfaci;.  «xiuld  remit  in  a 

double  dufial  a«ve  Cord, 
(i)  Tile  titni  dorul  i^Eicaih  of  Ihc  probotda  inay  cotrapond  to  * 

nntochord. 
(3)  Thr   (iroliovU  iitclf  may  carmjionil  lu  thr  linwpliyiii  or 

|iiliiitjiry  nrocra  clitiracieiiMk  of  Wrlebnle  l)niln«. 
I4]  Tiro  uiliiued  »lili  on  ihe  head  loiijr  corrnpond  lo  a  |i«ir  of  ^U 

(kfti. 
Is)  Theit  ;»  no  itemcnuiian.  hui  the  bnmcht*  pren  off  f«HB 

the  ncne  oivOi  ore  Kunetimci  terlally  arnuiecd. 

li  niuil  be  noted,  ihal  thoac  who  Mippoit  Ihc«  thcoiie*  do  QUI  tmtn 
ihal  nnv  Neniritiiin  01  Annttld  it  in  the  direct  line  of  Vertebole  atoent. 
They  Mtnjily  cciiphn-iii;  (he  dcmonitiable  aHiniiin.  When  ihete  are 
lliorouglily  Huiked  uul.it  will  be  poioible  toiarirhat  Int«ttcbrale  lypei 
■le  mo*)  Disily  related  to  VertcbiMe^ 


Structure  and  DF.vEi.oi-MRNr  or  Vkrteuratks, 

Having  sc[>aiatcly  discu».tcd  tlw  Hetnicbordn,  Urochorda, 
and  Ceiihatocliofda,  wc  projKHte  in  this  chapler  to  discuss 
the  general  structure  of  Cntnintn  and  the  development  of 
some  of  the  iinjwrtanc  organs. 

The  SHin. 

This  forms  a  continuous  covering  over  the  surface  of  the 
body,  serves  as  a  protection  lo  the  underlying  tissues,  in 
some  instances  reuinic  its  primitive  respinitory  significance, 
and  is  fretiucnily  conccinc>d  in  the  excretion  of  waste  iind 
the  nrgubiion  of  the  body  Icmpcrature.  As  one  or  other  of 
its  tnany  functions  predominates,  there  arc  correspond!  112 
Structural  modiRcaliuns.  One  function  which  we  Gna 
oflenesi  emphasised  at  tlie  ex]>citse  of  the  otlters  is  that  of 
protection,  and  yet  the  foMil  Glrpfodan,  the  ^lui^gish 
Oielonia,  the  decadent  Ganoids,  teem  lo  indicite  ih;it  this, 
in  itself  or  in  its  correlated  variations,  is  not  conducive  to 
the  conlintinnce  of  the  species.     Indeed,  the  great  develop- 
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meiit  of  excMkdeton  may  perhaps  be  rc^rded  as  ttu 
outcrop  of  a  consiitiition  whicli  lends  to  extreme  am 
unprontal>!e  jussivity. 

Tb«  ikin  iDcludci:— 

(it) The  cpiiluiinU,  utunlly  in  tcvcnl  Uym,  (he  outo  "hum)* 

»tnt(uni  curncutn,  Ihc  inner  "mucoui"  itratum  iDft]|)ighu,  ( 

imioosDm  :  lioth  dcnvcd  from  ihc  ectoderm  ot  cpihlut  a(  the 

CDibno- 
(4)  The  dermii.  cuiU.   corium.  oc   undcr-xkln,   derived  bom  Vbn 

inoiodcrni  nr  mcuititiut  of  llie  cin)iryi>. 

Firiin  Ihc  epiilcrraik  are  ilrrirci!  fi^aihrrs,  hairs,  tuii.1  aome  kimb 
toilet.  The  ilermis,  u  U  natural  when  we  conuder  iIi  origin 
the  muolibil  (mctcnchjFine)  or  \Atculnr 
In^-cr,  Buiiti  in  nouiuhina  thcic  tpider- 
mlc  lilracluivi.  From  the  dcrmli  an: 
deriTed  the  haiiy  »hkldi  of  unuulillat 
and  %  few  tolMotl  nunnnuUx,  the  bony 
KU(r«  or  crocodile)  and  Miiieulhet  rep- 
lllCh  and  ihe  tc*Ioi  of  mint  liony  [TcW- 
Mnn)  (ishn.    Tliit  again  ii  mdilv  ex- 

Elainril  by  Ihc  bcl  ihat  th<:  mciciicnj-nic 
.  altf)  (lie  ikeletal  layer  of  ihc-  nnluyu. 
The  ordinary  lertli  (if  XHii  l.i.nr--.  ji. 
well  M  the  HU]ier(iciHl  y.<    i  m    ii  in    ■! 

gidthr  finhct,  luc  largely  luiiiml  Ik'Ih 
e  lUTinU,  Inii  uc  usual^  oovereil  l^-  n 
Ibin  cootinE  of  eciodecnnc  enamel.  It 
ihould  lie  noletl,  hou'ever,  thai  KInatwh 
hat  rccsnlly  tiiiuntdnMl  the  iileiirmii 
orii^  o(  the  tkcleion  fomiiLti;  i -11. 
(Kderoblattt)  wliich  foriii  the  '.--.,  <i 
Elsimobninclu  and  TvloHlcati.,  wwX 
thai  there  are  hinis  in  higlier  tciim«  that 
the  ectoderm  hat  more  to  do  «-iih  the 
ticeieion  ihui  ta  unuJly  allowed.  There 
i*,  icitlcol.  a  growing  icndcncj'  amcmg 
morpholDirulj.  to  drip  the  meKKlcrm  ofili 
linpoRancc.  It  niiif  W  noleil  alko  thai 
KliuUch  I'cniiim  tobUfigcM  thnt  ihc  \<- 
elnning  nf  ikrlclon  in  the  cctiKlerm  may 
Rale  Kumcthini;  to  do  wilii  cicci^tioii. 

MmeitioT  SysUm. — In  all  Vcricbralo 
the  niuscln  of  the  trunk  ariie  riotn  ihc  ptimitive  tesmentt,  tn  nti 
plfltei,  found  in  the  embryo  al  the  side*  of  the  nen'c  cord.  In  An^ 
iwHj  Hiid  I'ikhei^  the  p*iniilivc  Mgmcntcd  condilion  of  the  muiclc*  _ 
ictalnnl.  ni  i<>  hern  in  Ihc  ■nj'oiomet  ritihlc  cxieinatly  in  the  knotlrt. 
Abmc  V\<-h<:*  lililv  trace  of  the  trcnicntcd  oondttjon  penbct  in  the 
•dull,  ckccpl  in  the  lail  re0on.  The  mwclM  of  iho  haul  ariae  ' 
the  prinulive  legmenu  oflhat  legiun. 


!■  Hi. 

■cciiiin  I 

limnch 

matic). 


IJ7.  —  TiniiMciic 

hiDu^h  .-III  Kliumo- 

Kniliryo     (iliagram- 

(AAet  ZlEULBK.) 


avd ;  It..  Mtothard  i  »*.,  uwn ; 
i.d.,  HsnunUil  doeil  R..  miu- 
ductivt  cbIU  ;  «.f-,  ■«o»JaTY 
(nlonc  f.r^  I'lnuir  oatoaM 
Kllcd  ui>  wltti  maiMiiivi  <iiiHie; 
i.i.y^t  >ub-inm(iiul  vein ;  g.^  lat  i 
(■pl.ohIImI  nhi:  «iA,  t 
duel  1  ml;  myoioBc; 
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TIk  oM^k  of  Ik  l^te  uiw  in  Fkmihii*!  hi  u  bvfa  froB  tke 
pgjwkli'tMpwWi;  faodbfaoa  K*aal  MMifacMi  amKMt  gpD«  iaa 
Mdi  Bb.  la  OKM  flifaar  Vcnetm**  ih*  famUioB  oTiIk  1m  ■ihIm 
i*  MraemActted  ;  thajr  msb  b  mmc  com  to  hIm  iodcpaDtallr  "^ 
the  cnvvtiTe  asMtfL 

MMIafllienMenlBwdeto»Blo(«Mrip«l  GtMB.faat  (koM  o( 
the  Innk,  bod.  and  lialB,  •■  vcB  u  of  Ibe  b«ui.  >baw  Ihc  anal  Mii(iod 
ttmcnm. 

Sktktal  Sptm. 

Apan  fitxn  the  exoskdecoa  of  duiMeed^  scutes,  thidds, 
Arc,  tbe  ilcdeton  ooosists  of  ibe  fbUowing  para : — 


(d)  Axial 

Skeleton 


The  skull  and  hs  associated  "  atches." 
The  backbone  and  assoctaled  ribif. 
(The  itotochord  is  tiansitory  except 
the  simplest  Vertebrates^ 


ui 


(4)  Apf)endicular|Fore  limbs,  and  pcctonl  girdle. 
Skeleton         IHind  limbs,  and  pclvk  girdk. 

Simll. 

The  notodwrd  growri  forward  anienorly  as  far  as  that 
K^;ion  of  the  brain  known  as  (he  optic  thalaniL  Around 
notochord  and  bcain  tlte  mcsenchynM:  fornu  a  continuous 
sheath  which  is  the  foundation  of  the  xkulL 

As  in  (be  case  of  the  notochordal  xhmth  vX  the  trunk 
region,  so  also  here  <:3riilii^  is  fonncd  in  the  pcimitivc 
tnembianous  cranium.  The  first  cartilages  to  appear  arc 
the  two  parachordals,  which  lie  on  the  lower  surface  of  the 
head  at  tlie  sides  of  the  notochord,  and  the  two  u.tbccuia: 
lying  in  front.  The  parachordals  grow  round  and  above 
the  notochord,  producing  the  luniiar  pbte,  white  the 
trabccuin:  unite  in  front  to  form  the  ethmoid  plate. 
The  conitnuance  of  the  process  of  cartilage  formation, 
together  with  the  addition  of  canilagiiwus  iiaul  capsules  in 
front  and  auditor)^  capsules  behi[>d,  completes  the  forma- 
tion of  the  primitive  cartilaginous  brain  box  or  chondro- 
cranium  of  the  lower  \^ertebrates. 

Also  connected  with  the  head  region,  and  of  great  im|K)n- 
ance  are  the  visceral  or  giil  arcties  which  loop  around  the 
pharynx  on  either  side,  and  separate  the  primitive  gill  clefts. 
At  the  time  when  cartilage  begins  to  be  formed  in  the  mem- 
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branous  cnniuin,  tbe  arahcs  alw  become  cfaondnfied,  and 
at  tbe  same  time  divided  into  successive  seitnents. 

Of  these  arches,  there  are  never  mon  tnan  eight.  The 
most  anterior  »  the  maiuiitHhir  arch  which  bounds  the 
mooih,  Ibe  second  the  AjnW ;  these  two  arc  of  great 
■mponancc  in  the  devetopmcnt  of  tbe  skull.  The  othcrst 
in  I-'ishcs  and  at  least  young  Amphibians,  bound  open  gill 
slits  and  support  the  phaiynx  ;  above  Amphibians,  they 
are  less  complelely  developed. 

In  ibc  EhsMohnnch  &ih«*,  tbe  iwnititiilir  and  byoid  ucha  do.  as* 
(onn  »mj  diiect  |ai1  of  tbe  (aitfl*ciBOU  bnitt  cse,  but  in  the  Tclci>- 
«t«M  «nd  thcBcc  oBWMih,  tbcomlTui  itw  twatt-ariring  in  coaneakn 
wilb  the  tosiuSUilBr  and  owcf  part  of  the  bnid  udM»,  oocitribwe 
dinclljp  lo  Ibe  fennation  of  the  iknlL  The  hfoid  [>ap«c.  or  tower 
put  of  Ibe  byold  aivb,  forms  tbe  ikdttoN  Mppanioc  Ibe  (oagne. 
Cutibgcs  ariufu  in  ibc  Ivacr  ptn  of  Ibc  lUrd  mceou  uch  iMUt  la 
ibe  fatvutdus  Mtbe  bfod  beoct  of  ibe  Ucbo  VencbMet,  *aA  para  of 
two  other  aieba  <|>pcar  to  help  Id  fetiMng  ihe  hfjBtul  AeietOB  of 


Tbe  imndUatUi  aitfa  kn  ElaMMbnadu  and  ftopdivideiiiuoalower 
pcntkm — Medkd'i  cainih^— whicb  (bnn*  the  Iowa  )««  ot  iu  tauit^ 
wMIe  froia  the  ii|ipc*  ^MUoa  a  bod  ffvtn  rot«Mil-~t)»e  p«kiO'p(eiygi>- 
Mikdntc  mtilicc,  wbidi  romi  the  npoajaw  in  duik  and  ikiuc,  and 


bi*  B  daua  unloa  with  Ibe  iViilI  in  ihc  Iroe-   In  btghcf  Vorlehiucii.  Ibe 
kiWR  pofllon  or  tbe  nttodilmlu  alHa)>i  Iorm  tbe  taot*  of  Ibc  Iowa 
kw,  a  ((uiiittatc  clenMot  i*  »c(iiwiitcd   08  froi 
Ml  (be  patato-pterwoid  part  WtiM  to  arise  mon  1 


kiWR  poRlon  of  tbe  inaadil 

a  ((uiiittatc  cleoMM  i*  »c(iiwiitcd  08  from  ibe  apfiH  fUl, 
ibe  patato-pterwoid  part  wtiM  to  arise  mon  indepSMknlly.  The 
bjroid  arch  also  >liT)cia  ialo  a  lower  portioa,  the  byoid  proper,  aod  an 
wppcr  poitiorn,  iSc  hra-MMHEbnlar.  whtdi  mnT  cooomi  ihc  Uwi  itiih 
the  (kiin,  or  litoni  AmphiUaiw  onaaidi  nay  u  noic  (cmarkatdy  db- 
iilaccd  anil  inaliAod  to.  a  coluincUa  or  «■»  ceniwclcd  with  Ihe  caf. 
tVc  ailhcic  lo  Ibe  oM  iolerpectatlo^  acconUag  to  wittcfa  ihc  luaBdUiulaf 
aatl  hvoU  fonn  l«o  aiclm;  oven  if  Dobm't  tbcuy  that  lbe]r  aia 
«^it«WM  (o  b«r  be  acoeplcd,  ibe  micfal  bcl  reniaias  Ihat  CWitaio 
wchei  aU  in  Ihs  deveiofaient  oflhe  wuli. 

Returning  now  to  the  brain  box  itself,  we  must  notice 
another  complication, -the  development  of  "membrane" 
bones.  If  we  examine  the  skull  of  the  skate,  ue  lind  thai 
the  brail)  lies  within  a  carlUa^nous  capsule,  tnit  this  is  not 
eniirel)'  dosed,  spaces  (the  fontancllcs)  being  left  in  (he 
roof,  which  (luring  life  are  covered  only  bf  the  tough  skin 
with  its  numerous  "  dermal  diintides."  In  the  siurgcon, 
again,  the  small  skin  teeth  are  replaced  b)-  stout  bony  plates 
covering  over  the  canih^inous  capsule:     Prom  such  super 
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ficial  bony  plates  tt  is  supposed  ihal  the  "inemiknuie" 
bones  or  ossificaiioiis  in  membrane,  which  form  no  im- 
portant an  dement  in  ihc  »kull  of  ihe  hiBln.-r  VtrncStalc, 
have  originated. 

In  wmc  Ixiiijr  lishi-^,  nulubly  ilic  toliii'jn,  wc  l^iiii!  i)ii!  Inaia  «iicIoki1 
in  a  double  capiule.  Inutlc  umk  ii  a  catiilii^inuiit  limin  c»c  in  wliicb 
what  nre  called  ccnltit  of  nEsulicatian  tuvci  apijioued,  nnd  upon  iltii  « 
ta]rcrarmcinbnineboni.-i  it  ploccJ,  which  ctui  be  readily  ranovcd  wiihom 
injmy  lo  Ihc  cartilage  iH^ncalh.  Infrcncnl.  hown^er,  wcmuiil  itcu^iM) 
Iliat.  wlih  ilic  ti]>pmr.iiii:L-  iiT  incnitiranr  boaex,  two  cluncct  Icnil  lo- 
occut,— litM,  ilic  c:tiiilH);iii-»i>  I'Mhiiiiii  tcnilt  ti>  l:c  tdluccd  nnd  lo 
eihiljit  r^^i»i<lriiiblc  ujxuinip ;  tccinnt,  in  the  loniiuning  oitilaga 
cenirM  of  ostaficalion  ap|>car,  anrt  we  tlius  1iui«  "niiila^"  bone* 
(ormeil.  Further,  in  ipilc  of  Ihc  dcvvlopiiR-nial  iliflctrncn,  the  mem- 
hranc  nnd  CHttiluge  bono  become  closdy  united  tc>  one  uiotber,  or 
even  luacil,  and  there  ii  thut  farmed  "  a  ttim.  cl(sc<l,  Uiny  loccpiaclc 
efmixeil  ortipn,"  m  cncmplilicd  \>j  the  tkull  <A  anjr  nf  ilic  hi|[hci 
VeHebntto. 

^^'e  may  ihus  say  thai  in  the  evolution  of  t)ie  skull  we 
haw  tint  a  cnitilaginoutt  cajiitiik',  tliat  this  l>ccoinc£  invested 
to  a  giL-atcr  or  Il-ss  extent  by  dermal  ossi  locations,  and  that 
finally  the  dermal  bones  lose  their  supcriicial  position,  and, 
fusing  with  the  ossified  remainder  of  the  caitibginous 
cranium,  fomi  a  complete  bony  capsule.  In  Cyclo»toin«K 
and  Elasuiobranchs  the  brain  box  is  wholly  cartila^noux ; 
alMve  P.lasmohranchs,  the  cartilage  is  moic  or  less  thorouchly 
rL-pl.iccd  or  covered  by  tioncs.  In  th>;  individual  devdop- 
mcnt  there  is  a  pnralld  progress. 

Although  one  W  Nafe  m  sapni;  that  tkelelal  Nlnictiircs  in 
Vftlobrales  are  mostly  mesodermic  in  origin,  it  should  be 
noted  (i)  that  the  notochord  is  endodermic,  and  (2)  that  in 
the  head  ccriain  cctodcrmic  pmlifetaiions  may  give  rise  to 
skeletal  rudinicnls  of  a  connective  tissue  nature  which  sub- 
sequently become  ditTercnlinted  into  cartilage  (floronowitsch, 
Plait).     But  there  is  still  doubt  as  to  this  lati  point. 

Thtory  of  tkt  Sin//. 

Nbm  ihe  bGKinnirii;  of  ililn  century,  Okcii  and  Goethe  ludc|iciiilenltv 

iiropounHcd  wlial  'n  Enowii  at  the  verielml  thcMV  of  (he  «liul].  Kcgarcl- 
ae  Ihc  ^ku11  u  an  nn(crioi  portion  ot  the  vcrtcbial  cnlutiin,  coinpmcd 
of^thici:  or  foiu  vcncbra:,  Ihey  cnnnaitrl  the  lionn  of  Ihc  HiHcreal 
leeioDi  lo  the  ptirti  of  n  vencbni.  Thu»  in  the  hlndmast  iceion  of  the 
ikull,  the  1jui-occi|Ulal.  the  two  ex-ocdpitali,  and  Ihc  iupni.occi|rftal 
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were  bdd  M  coitMpond  to  ibo  omtrutn,  (Im  ncunl  *tchn>,  and  ihc 
noKil  tiiiM  or  a  iwrtcbnl  body. 

Tbi*  unilaub(e(ll]t  suemlivc  Itworyi  moililied  in  various  iIcuiIa,  pu- 
jaMtA  for  a  long  pcrioaTrut  uliimatcly  gaiT  way  before  Ihc  advances  ia 
con:i|wr«tii'c  anaiomy  and  cmbTyoIogy.  Muiln'  gai^e  i(  ils  Afuh  blow, 
arul  Gescnbaui  tc[ilDcc<l  it  1^  what  may  be  caUcdllic  MgmcnUl  thea«y 
of  the  tkuU. 

To  tcaiUe  thit  theory,  ine  miut  |;o  lack  in  drnvlopmcAl  (a  (t>c  (wtlod 
before  (h«  iQMotilMl  tiai  cnthnlncd  ih«  luHochoril.  Ai  ihit  ilm?  ihe 
■csmenlalion  of  Ihc  body  in  cxptVMrd,  not  in  the  akclclon  (notochonll, 
bul  in  the  primilirc  tcpiicDtKi  Theu  Mpnenti,  lhou|ih  Icb  ohwknia 
ihitn  in  Uie  truDk,  are  reprooiteil  in  the  htad  ittion.  Formerly  nine 
wen  CMoncnted,  bnl  it  aiipcBti  that  in  Elumobninchi  tbr)'  arc  n»re 
DUnMon*.  SuhKi^ucntly.  hnin  and  ipbal  coid  liccomc  alike  enveloped 
in  die  HietoUulie  ihealh,  wbirh  givci  rite  <o  ihc  ikclcicn  of  Uxh  head 
and  Ininlu 

The  (lOM  ilcvclopniciu  of  ihc  miiKic  ncgmcntt  of  the  itutik  recioo 
in4noea  ■  arcondai)'  teEmenlation  of  (he  nmoblattic  blcelclon  (rertrhnl 
celuam).  while  the  slwit  dereloptnent  of  the  on»clc«  of  the  fatail  tepca 
CMtciiet  no  Mcb  infliicncc  upon  its  skeletnii,  thU  ii  ihcrcfote  alway* 
omAc  devoid  of  acpncntalion.  The  tesmcnlalion  of  Ihc  head,  in  MOIia- 
dbllnclioa  to  Ihe  tkoll,  i*  cxprencd,  aIihoii|[h  indiuincily,  t>y  the 
mstde  mpncnu  and  by  the  nerve*  tnnilying  the*e,  pcrha|»  alw  by 
the  Uleraftenie  oinat.  ihe  i^nelia,  aail  iho  MchM.  While  il  it  qutle 
cntain  >h^  ><  U  (he  M*d  ihai  U  Mipientcil  and  not  the  ikoll,  th« 
detail*  uf  Ihe  scgHonUlictt  an  Mill  ibbA  dcfaaled. 


[1'aiil*. 
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I.  hiaohordnit 

lAd  intbeculK. 
lidMl  in  Mmia 
CUB  by  the  end 
of  I  he  notocbord. 


II.SonHhcapluIc*. 
U)  Nasal. 
li)  Audilery. 


III.  Ar«>iM. 
{»)  MandlUular. 


(#1  llyaidwlk 


IV.  tnvcMini 

irnmbniMDORM. 

(•)  Prom  Uk 
tool  of  itw  (kull. 

(»  On  ttn  Boor 
of  the  skull.  U., 
from  the  raal  of 
ihc  mouth. 

f^l  About    the 

tidn  of  thu  ikull. 

(d\  About  the 
upper  j.iw. 

((J   About 
low«r  j»*. 


Tbeir  ppwwe  I 
rc1n(<OTU.  r,g..  10 
thp  notochorcl  xir 
uiiknoMfi. 


Rmultl 


mm  cartiUtn 
surt«iiiid<ti8  lEc 
tctodcrmte  pits 
which  form  the 
(oiii>dalion  of 
noMMH)  Mr. 


ThMv  Krchn, 
like  those  Hhich 
follow  thrm.  arc 
Mippont  of  the 
ishayyiu.  l)^ng 
|jM«>«m  prini'litc 
or  ptnlncnt  gill 
tliu.  iVrlupt 

tlier  maj-  be  com. 
parol  lo  Jit*. 


the 


of 

Uic  taxim  V  ex- 
icmal  bony 

plHtesi,  tootn 
lUMttum.  and 
tbellkc 


Oociplcal  reeon.  Mith  four  boiKa 
— blui-occlplut.  tux>  «i.oceipllDti. 
mil  n  •iipni'Occ>pii«]  [in  pctnl.  Tba 
b(ui-oc«piiAl  it  dwinct  only  In 
ReptllH.  (lirilt,  mill  Mitniniiilt, 

Sphrnold.il  and  tthmmdal  tegioa. 
with  bui-iphcnoid  Mid  ptc-iphenold, 
poind  alitpbrnoids  nnd  orbilosphfo- 
Old*,  the  iDto'.orblLi,!  Kpluni.  ttle 
laLer«l  m  «:iae(hinoidi,  iho  inwr- 
mi»l  vrpiiini. 

(d)  L'niir  with  cibtiKMdal  regJofv. 

t*i  May  givp  oripn  to  teie  bonei — 
pro-,  lph«n..  [Mff-,  npi-,  .intt  opitth- 
olrcs.  or  (□  the  lingle  penolic  o(  Mun- 


(a)  Upper  BUI  s  Mlalo-ptnyEo- 
quiutrnii:  lartilageo/Blumobranehk. 
p&Iiuine.  pid^rgcMd,  and  quadrate 
bonm  in  the  hjgho-  Veriebi^le).  but 
In  XtuniDBU  the  qoodnitR  i*  bclinid 
hy  nainy  t«  boconit  ih«  inctii  oJ  ibe 
inner  ou. 

■.own  porteMcekd't  cutilAse— 
tha  basil  of  the  lower  Jaw  in  all 
aninuili;  the  put  next  itiv  c|u*draie 
bcvome*  the  &nii.iilni  bone,  whitb  In 
Mammals  is  brlirrnl  by  many  lo 
become  the  malkiii  ol  Ihc  iiinerew. 

(fi)  Upper  pan  or  hyi>inandibultir= 

the  "suspMuoi^um  "  cznlloiic  of 
EUsmobrruichi.  ibe  hyo-tnauciibulor 
nod  ^mplcctic  nf  Tdraiteani,  the 
colwaeUa  anrii  of  Ampblblniu.  Ra» 
tilei,  nnd  BinU.  the  *)ap«s  of  IM 
Mmnmnl't  rat. 

L«wFT  pin  =  the  hyoiil  propel 
feiirtjtn*  or  lioncV 


III)  Panetdli.  froniAlt.  naMli.  tx. 
{t)  Vomc(,  pvtnuphcnoid.  fta. 


tf)  Lactirynial.  dqiuiiiowl.  orbliaU, 

M  Prranaxllla.  nuxilU.  jugal.  OMd 
quBdnto^ugol  [in  oait). 

if)  Dtnutry,  iplenwl.  Bn|[«tar, 
■upnt.an(uUr,  ceronoid. 


STKUCTl/RS  OF  VBRTBBRATA. 

Tht  Vtrtebral  Colnmi. 

A  dorsal  shdcutl  axis  \»  eharacterixiic  of  N^crtebnta,  and 
its  usefulness  \s.  evident.  It  gives  coherent  slirnclh  to  the 
body ;  It  a  uxuiiUy  nssociali-d  vcrj-  closely  with  a  skull,  with 
linili  girdles,  and  with  rihs  ;  it  .ilfoids  stahlc  insertion  to 
musck's ;  its  dorsal  pans  usually  form  a  proleciivc  arch 
RFOund  the  spinal  cord. 

To  understand  this  skeletal  axis  wc  laaA  distinguish 
clearly  between  the  notochord  and  the  backbone. 

I'he  notochord  h  the  first  skeletal  structur«  to  appeal  in 
the  embryo.  It  ariies  as  an  axial  diCTercnttaiion  01  endv- 
dcnn  iilong  the  dorsal  wall  of  the  embryonic  gut  or 
archenteron.  The  backbone,  which  in  most  Vertebrates 
replaces  the  notochord,  has  a  mcKoblastic  origin ;  it  det'clops 
as  the  substitute  of  the  notochord,  but  not  from  li. 

In  Halanaslfum.  otial  \s  tomctimei  Aiffu&sA  with  Ihc  n.imc  erf 
nnlochnid.  U  retlricied  la  the  moil  tnltnot  (wrl  of  the  IxHly :  m  Ihc 
Ttiiiioiii  ihn  niiiochord  it  confined  to  ihc  tail,  in  jlaifJiMtiii  It  ruiu 
fiom  ti|)  to  tip  of  Ihc  boily,  in  Cyctoitointta  and  Dipnoi  it  jwniiti  as  an 
UDKvncnlcd  griilly  rod,  in  othn'  VcrtebraleB  >l  ii  more  or  lot  com- 
pletely replaced  by  it*  belter  lubtitilul^— the  Inckbone. 

In  CycloMomau  the  notochonj  fomu  and  it  nuheathcd  iiy  >  tKikuta 
tAfriAf  (or  mtmtrmia  limitatu  lW<nM)l  outtidc  ifalu  Iheic  It  n  mew- 
blMlic  or  ikeletogcnoa*  iheftth ;  anil  oulililr  Ilil«  isiiin  Ittn  >  lutkuta 
uiiiti  [fa  mtmirn'M  lini/am  rj/tma).  It  ii  likely  thai  llii»  roprcMlltfc 
0  ptiinilive  eundilioii.  Whit  hnppcn'  In  iiiohl  V'rtlcliralci  i»  lh>t  the 
(kelciugpnous  oi  mciolilulic  ttieiili  (ciiiiu  ihe  Inckbone.  and  more  c« 
lea  conplcicly  ablitcratci  the  noiuchoid.  The  brauijon  of  tMrtUue 
takes  phiDe  nt  rcguliu  interraU  ia  the  noiuchordo)  ihisth,  and  toe 
verichral  bodies  Ihui  fanned  sltecnalc  icenlorly  with  the  jiiiinilii-c 
miucle  tegiiicnti.  Thii  arijini^iiicnl  it  nccesntry  lot  Ihc  |>n>]icf 
•Ilachtnent  if  th<^  muwict  lo  ihc  future  vertebra:,  anil  nuikct  it  pro- 
bablc,  a*  ««  noticed  alnnr.  that  the  kcj^incnwlon  of  the  lackl<u[ie  is 
wcondary,  and  wm  only  ncijuireil.  m  a  inechaainl  neceuily,  when  the 
liDlochorilal  *h«alh  twmine  clionilrilieil.  and  lO  li^d.  Thus  ue  rcicti 
the  nmcliuion  thai  the  primiiin;  H-gmentalioc  of  the  Vertrlirales,  alike 
in  hcnd  njid  trunk,  finds  its  exjiraiion  In  the  uinngeinenu  of  the 
pritnitii-e  legmenii  and  the  nen'es  nipplying  ibne,  and  nui  in  Ihc 
*kelcion. 

In  Ihc  liighci  Vcridirates.  soon  after  the  formatlnn  of  the  bodicf  of 
tlia  vfinebne,  llio  nidimenr*  of  the  neutal  atchck  *p|N:ar  in  the  mem- 
biaae  wmninilinf;  the  HiHnal  coriL  tonally,  centres  o!  ouifinlion  may 
occur,  and  *o  proiluee  the  scgmentid  tackbone. 

In  MmfiiMm,  in  .Vyxinf,  and  in  young  lampteyi  (knaun  u  Amm«- 
artti),  the  notochord  periisis  unsef^cnted  and  with  a  simple  ibcalh. 
In  the  adull  lamprey,  ihere  are  mdimentary  arches  or cariiliij^formlnKa 
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tiougti  In  which  Ihe  iplruJ  cord  lick  In  IhccattilgigiiiciuiGiinoid  iUhci, 
in  iIk  Chimttra  ly|K,  and  in  the  Dipnoi,  archet  appear  both  rIkivc  and 
iieluw,  but  )CI  (licrc  nre  »■>  vcilrlirnl  Imdict.  Tlinc  bq^in  In  the 
£liuniobnnc)i«,  in  which  ihc  notochotd  it  conilriclccl  by  itt  riicraacbing 
■healh.  In  Ihr  bony  (ianoidi  the  reilcbnr  arc  ossiAod,  and  to  Ihey  ace 
in  all  (be  higher  Vfrlelmitej.  Moitovn,  ihc  nolochorU  b  more  and 
moic  oomplctcl)'  obliiciiiicil  u  ihe  backbone  gruwi. 

Il  win  be  rcmcmbotcd  {set  p.  34)  thai  according  lo 
Klcincnbcrg  the  nolochord  supplies  thic  necessary  growth- 
Slimulus  for  the  rise  of  its  substitute,  the  backbone. 

A  vcitebra  generally  consists  of  several  more  or  less 
iiidetKndent  ^aivs,:  the  substantial  ccntnim,  the  neural 
archcti  which  form  a  tube  for  the  spinal  cord,  and  are 
crowned  by  a  neural  spine,  the  tninKverse  processes  which 
project  later.iily,  and  are,  (jerhapK,  homologous  with  the 
inferior  hxmal  processes  in  the  posterior  region  of  Fishes 
and  some  Amphibians. 

The  ribs  which  support  the  body  wall  and  usually  arti- 
culate with  tlie  transverse  processes,  or  with  ibc  transverse 
procetsex  and  centra,  perhaju  bear  iJie  same  relation  to  tlie 
veitebne  tliat  the  vi.'K:eTa]  arches  do  to  thu  skull. 

In  Amphibians  for  Ihc  first  time  a  bri^-isl  bone  iir  sternum 
is  developed.  It  arises  from  two  oiriilaginous  rods  in  a 
tendinous  region  on  the  vcntml  wall  of  the  thorax,  and 
seems  to  be  different  from  that  of  higher  nnimaU.  Kor  the 
sternum  which  is  present  in  some  Kqtiilcs,  and  in  all  Birds 
and  Mammals,  arises  from  a  cartilaginous  tract  uniting  the 
ventral  ends  of  a  number  of  ribs. 

Appendimlar  Skthhn. 

No  secure  conclusion  has  yet  been  reached  as  to  the 
origin  of  the  jiaired  limbs.  According  to  Gegenbaur,  the 
pectoral  and  jielvic  girdles  arc  homologous  witl]  branchial 
afches,  while  the  primitive  limbs  are  made  up  of  modified 
fin  rays,  originally  like  those  of  the  unpaired  fins. 
According  to  Dohm.  the  limbs  are  residues  of  a  longi- 
tudinal scries  of  segnicniaily  arranged  outgrowths,  perhaps 
comparable  to  the  parapodia  of  ati  Annelid.  According  to 
Wiedcrshcim,  the  gitdtc  portion  is  primarily  due  to  the 
centripetal  growth  of  the  fin  skeleton,  which  arose  from 
a  localisation  of  the  sup()orts  of  continuous  lateral  folds. 

The  pectoral  or  shoulder  girdle  consists  of  a  dorsal 
28 
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acapubr  portion  or  ^wutder  blade,  a  ventral  corscoid 
portion,  with  the  articulation  for  the  limb  between  tfactn, 
and  of  a  forward  growing  clavicle  or  collar  bone. 

The  pelvic  or  hip  girdle  consists  of  a  dorsal  iliac  portion, 
8  ventral  ischi«c  portioti,  with  the  articulation  for  the  limti 
t)c[wc«n  them,  arid  of  a  pubic  region  possibly  homologous 
with  the  clavicle. 

'Che  fore  limb— from  Amphibians  onwards— consists  of  a 
hunK.mt  anicuUiing  wiih  the  girdle,  a  lower  inn  compntted 
of  radius  and  ulrui  Ifing  side  by  side,  a  wrist  or  carpus  of 
several  cicmcnis,  a  "  hand "  with  metacarpal  bones  in  the 
"  palm,"  and  with  fingers  composed  of  sc\-aal  phalanges. 

The  hind  limb— from  Amphibians  onwards — consists  of 
a  femur  aniculatinti  with  the  girdle,  a  lower  Ick  composed  of 
a  tibia  and  fibula  lying  Hide  by  side,  an  "  ankle  "  region  OT 
tarsus  of  several  clenicntK,  a  foot  with  metatarsal  bones  in 
the  "sole,"  and  with  toes  composod  of  several  p!i,ibng««. 

The  fin-like  linilis  peoilinr  to  l-lshes,  are  discussed  along 
with  the  other  characteristics  of  that  class. 

Distinct  from  the  other  bones  are  a  few  tittle  sesamoids  of 
occasional  occurrence,  t^^.,  the  knee  pan  or  patella.  They 
develop  in  the  tendons  of  muscles. 

Nervous  Syi/em. 

This  includes  {a)  the  central  nervous  system,  consisting 
of  brain  and  spinal  cord ;  {/>)  the  peri]>hcral,  consisting  of 
spinal  and  cianial  ncncs;  and  {<)  the  sympathetic  nervous 
system. 

The  central  nervous  system  first  appears  as  a  superficial 
groove  alon^  the  niid-dorsat  line  of  the  embryo.  The  sides 
of  this  eaoilcrmic  groove  meet,  and  uniting,  convert  the 
medullary  groove  into  the  medullary  canal  The  greater 
port  of  this  caniil  forms  the  spinal  cord,  the  anierior  portion 
of  it  is  siwciiiliscd  n^  the  brnin.  Hiere  is  at  first  a  posterior 
connection  lictwLcn  the  neural  canal  and  the  primitive  gut 
of  the  cn]br>'o ;  when  this  is  lost  the  cavity  still  persists  as  n 
little  ciliated  cinal  in  the  centre  of  the  cord,  and  as  the  in- 
tenia)  rjiviiy  of  ilie  brain.  In  Cyclostomes  and  Bony  >1shes 
the  cvntml  nervous  syuem  arises  as  a  solid  cord  of  cells, 
the  cavities  not  appearing  until  a  later  stage ;  this  condition 
dooe  not  seem  to  be  primitive. 
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7h(  Brai». 

Al  an  early  stage,  even  before  the  closing-m  process  is 
completed,  certain  portions  of  the  anterior  region  of  the 
medullary  canal  grow  more  rapidly  than  others,  and  form 
the  tJirec  primary  brain  vesicles.  Ry  further  processes  of 
growth  and  constriction,  these  three  form  the  five  regions  of 
the  adult  brain. 

When  finl  formed  Ihc  bnjn  vouckt  lie  in  ■  tirniKhc  line,  but  u  a 
conicqaenoe,  piolMbly.  of  Ihcif  rapid  anil  unojiml  eiowlh,  IhU  cnnililion 
ii  lioan  kui.  Had  »  mutkecl  cmninl  Aesure  in  iniHlii^nl.  In  ihe  1aire« 
forms  '-X-'  CyclM[aia*l>,  Ibc  dcxuie  u  (light,  aiul  id  Kiticclnl  lAier,  but 
in  Ihr  higher  IfpMit  isTcrydiUinct.  uidcaiunlliv  nuikcd  ovEilapfdng 
of  pEUl*  K>  ol>vicius  in  the  adult. 

V\'e  must  now  follow  the  metamorphoses  of  the  priioaiy 
braiti  vesicles. 
The  first  vehicle  gives  rise  anteriorly  to  the  cerebral  bcmi- 


Ki. 


(diagiiunnalic). 


Ii.-ji  I  .1   I'L.ULi  III    r  1L1J4'    i>iif;lL-h 

(Aftca  (ijukKU-l 


t'.'l,,  Ccrtlml  hEiDitpbtn* :  r.U.,  etiElc  itnlumi:  j.f'..  ihlrH  wi. 
tticle:  /■.,  Inritndilnilum  ;  M-Kt  oliiiiluy  ludy;  t,l,.  ii|fiii  loWtl 
tK,  c«r*ii*L1ifm ;  .ir.C,  inv^utla  cmlflt^u  i  ^''-.  founh  vcniride: 

Spheres,  while  the  remainder  forms  the  region  of  the  optic 
thalami  or  thabmeneephalon. 

The  cerebral  hemispheres,  also  called  prosencephalon,  or 
fore  hrain,  are  exceedingly  important.  They  predominate 
more  and  more  as  we  ascend  in  the  scale  of  Vertebrates, 
and  become  more  and  more  the  home  of  thought.  Except 
in  a  few  instances,  the  prosencephalon  is  divided  into  two 
paris^thc  cerebral  hemispheres — which  contain  cavities 
known  as  the  lateral  ventricles.    The  two  hemispheres  are 
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united  by  bridges  or  comiDisEurcB,  which  have  considerable 
cUssificatory  importance.  With  the  snlcrior  region  of  the 
hemiipheres  olfactory  lobes  are  assockted. 

In  Cjrclottomai*,  Oanoldt,  and  TcImmmm,  Ihc  lute  Unin  liat  no 
nervous  loof.  but  n  cuvrmi  by  m  «pilhclial  iMlllum  homolcwout  will) 
what  i«  called  (he  chuioiLl  p1r\U5  of  ihc  third  vfniricio  >n  higlier  Vatt< 
bnttk.  This  churoiil  pkiui  ii  a  ihin  cpiiheliiim,  with  blood  veuel*  in 
ll.  But  in  BhumolirMictUi,  [Mpnai,  and 
AmphlUiiu  the  haul  paiu  of  ihe  rore 
fanln  h*«v  iprown  uomrdi  to  lonu  a  nrr- 
vou>  roof,  and  Ibu  pcnbti  Sn  hi^hci 
Verlebnl«)> 

ITic  optic  ihalami  (thalanicn- 
ccphalon,  or  iwccti-brain)  form  the 
second  region  of  tlic  adult  btaiit. 
Hence  arise  the  optic  outgrowths, 
which  form  the  optic  nerves  and 
some  of  the  most  essentia)  parts  of 
the  eyes.  The  original  oiWly  per 
sisis  as  the  third  VL'JitricIc  of  the 
brain :  the  Ihin  roof  gives  olT  the 
doraat  ]>inval  outgrowth  or  epiphysis, 
and  uniting  with  the  vascular  pia 
inatcr,  or  brain  tnemhrane,  fcums 
•  choroid  plexus;  lh«  bteral  walls 
become  ntuch  thickened  (optic 
thalami)^  the  thin  floor  gives  off 
a  slight  central  cvagination,  or  in- 
fuiidibuluui,  which  t>i:ars  tlic  enig- 
matical |>ituitar}'  body  (»r  liyiw- 
physis. 

TV  nimiUttj  /^a/)*.— This  i>  i  led  ml 

tn  put  &oni  the  bram  and   in   |>iii  from 

Ihc  iMMlh.  onl   ll  cxliraictv  dillkull  lo 

uii'lcittaiid       ll   h  Bp|>*r«nli]r  ti^uinlcM 

bi  pail  (<>  tb«  uitstimral  ^SmaA  et  Tnni- 

cMca,  tail   Ihi*  iliivt   ool    carry  in  aiuch 

larUtM.      Dobiti  c<inn«inl    It    with   Is,) 

abmiM  gill  >)lla,  bM  (h«  nridmoe  tcont 

bMlUkbiM.     HcanI  ha*  inloniMcd  it  oa  a 

jnlilmiB  nf  ihc  nridnal  Bonlh  which  VrKcbntts  are  tcnpfioscd  tu  hare 

^•m»tmri  iKfiirr  ine  rcrahltnl  one  vilh  tvhich  ne  nic  funiliai  was 

■dvfd,   ami  irf  Itw  Inncivaiion   of  lliat  hy|w4twiical   Miuciurp,  but 

jia  cnnfaniatioa  aemu  wantin|.      Of  Ma  |itiyijaki(ica1   nalaic  wc 
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Icnoiv  almot  nothinei  beyoni)  ihai  a  ptiliologic«J  *Uic  «f  thit  orpm 
i*  ouocialcil  in  iimn  wilh  ceilSLin  iIlmsmi,  £^.,  armmtgafy. 

Tkt  Piiuil  Ai.^.— The  (loi*»l  iipcrowih  (ot  epiphytU)  ^rom  tha  roof 
af  Iho  ttulxmcnccjilialon  is  [cpccsfnltd,  lliough  to  a  vsning  extmt,  in 
■U  Vcvtebratn.  It  it  terminally  itiffcrcDtialeil  inio  a  little  Imily  known 
as  the  pineal  body,  Thi»  wm  cotifcly  an  enigma  until  Dc  Ontf  iJi»- 
covcfcd  ill  e^-c-likc  itiuclure  in  Jmuti,  anii  BaldAin  Spcncei  wcarely 
coalinnid  lhb>  in  the  New  Zciluid  "liurcl"  (-^pACTinlhw)  where  the 
p!n«il  body  thowt  ili'iinci  tmccf  afa  leilni. 

In  Elumnlinuichq  tlic  jilnesl  iiiocra  i*  very  lone,  '■"'^i  perfbni[in(> 
the  ^kult,  (enniiulai  below  the  skin  in  a  cIomxI  vrsiclc.  In  the  young 
froc  it  alio  comn  to  the  luiface  above  Ibe  »kull,  but  dcgenoinlc*  In 
adolFH:ence.  In  SfJuHodm  the  itatk  puaei  through  (he  skull  by  the 
"paticiil  foramen,   »  thai  the  "eye"  lUelf  li«  dc»c  Wtitaih  Ihe  ikin. 
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rcKion  are  tpedaliKCl  and  mmpiteni. 
In  Ituatia,  Anfif,  Latrrta,  &e.,  the 
tjiiphi^  lo*M  connection  urith  the 
''eire  portion;  and  It  ji'  a1*o  to  b« 
noticed  that  in  Angut'i  anil  /giuiM  the 
pineal  body  receives  a  nerve  from  a 
"parietal  oentre"  ne«  Uie  haw  of, 
I.ljt  !rL't>-|>entient  of,  Ihe  epiphyus:  ihii 
:^  lianniory  in  Angnii,  more  or 
I...  ^nislent  in  /rtwno.  AUive  Rep- 
lilei  the  pneal  sialic  ii  alwayt  relalively 
sbati,  and  ils  trnnioal  portion  forma  a 
Klandular  ttruciure.  In  fiicL.  (he  de- 
velopment of  Ihe  rnnntl  body  is  much 
mote  eompllciicil  ihim  at  fini  ippearrd ; 
Ihm  acconlinc  to  X/xf'i  tueaixhes  on 
AtatUkiiU  rmhryon.  il  reprcaents  the 
fution  of  Ml  cii™  Au>  iircyea. 

The  full  licnincance  of  the  pineal 
body  is  thut  uncertain.  According  to 
one  r  Jew  I  its  primitive  fund  (on  >a  that 
ofui  unpaired,  median,  uriaird'luoUng 
eye— a  fonclion  fetaioed  oii)v  in  ilie 
K«plilci  mentioned  above,  the  otEnn 
having  elhewhrte  underi:»ne  (Inde- 
penJent)  dejieneration.  Il  has  also  bMii  inter|aetcil  as  nil  '■organ  for 
the  perception  of  WBTmlh."  It  may  be.  howeicr,  that  [he  function  tli». 
cemlblc  tn  lonie  Keptitca  ia  not  primiiive,  but  the  r«Hilt  of  a  teoondary 
modificaiioa  of  the  tlitwiure  in  qucKiion.  Thus,  one  of  fitii  inlet- 
pRIationi  lUohrn'i)  connected  th«  niiteal  and  the  niluLtary  ouierowthi 
wilh  «  suppottd  ptua^e  of  Ihe  origioaJ  hypothetical  mouth  thioush  the 


FIO.  H«i-  I  '■  .i;  .:ii..f  ilie 
nub  of  the  bnin  in  Vcfte- 
bntot.    (Aftei  GuKU-L. ) 

tJk.,  CtnUkI  htnloibtm : 
<.JJL  chor«d  pltuu ;  «-tk^.  opHc 
AalBBli  ft.,  ofitlc  Mm:  iK. 
omWhiml  f.//.,e)ianld|>ltiiiu: 
MJ^'3  mvHulUk  Dbtoncau  ;  t-c^, 
•pbalrail. 


The  second  primar)-  vi-sidc  of  the  brain  tin(ler]i;oes  little 
alteration,  and  fornts  the  third  region,  that  of  the  optic  lobes 
(mesencephalon  or  mid  brain)  in  the  adult  brain.    The  Aoor 
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and  lateral  walls  form  the  thickened  ciuni  cerebri,  the  roof 
becomes  the  two  optic  lobes,  which  arc  hollow  in  almost  all 
Venebrates.  In  MaaimaU  a  transverse  funow  divides  each 
optic  lobe  into  two  (corpora  quadri^einina).  The  cavity  of 
the  vi;«de  becomes  much  contracted,  and  forms  the  narrow 
itCf  or  aqueduct  of  Sylvius,  a  r^inal  connecting  the  third 
ventricle  with  the  fourth. 

I'hc  third  ]>rim.iry  vesicle  gives  rise  to  the  metcncephalon, 
or  hitid  brain,  or  region  of  the  cerebellum,  and  to  the 
niyclenccphaloii,  or  after  brain,  or  region  of  the  medulla 
oblongKia. 

In  the  melenoephalon  the  roof  develOfM  greatly,  and 
gives  rite  to  the  ccrehc-Iluni,  whi<:h  often  has  lateral  tobes, 
and  overlaps  the  next  region.  In  the  higher  forms  the 
floor  forms  a  strong  band  of  transverse  fibres — the  Pons 
Varolii. 

Krom  tbc  region  of  the  medulla  oblongata  roost  of  the 
cranial  nerves  are  given  off.  Here  the  roof,  partly  ovcr- 
la|)pcd  by  the  cerebellum,  degenerates.  Incoming  thin  and 
epithelial,  the  cavity — called  the  fourth  ventricle — is  con- 
tinuous irith  the  canal  of  the  spinal  curd. 


FInl  Enhn^e 
Voklc. 


Thin)  Kintimuik 
Vclclc. 


Sanmntry. 

(1)  Ctrcbn]  hcmitDtirrcH.  proarecCFMloa*  or 
Ton  bnln.  Nolc  romiriHura.  albOary 
Inhr*  anil  iitn>c«,  anil  lint  aJA  icMod 
veMtidcb 

(i|  Oiiiic  ituUmi.  ihaluncnccphakn),  HI  (seen- 
Ualn.  Nolo  (d)  oiMlr.  (A)  plnc4l,  (c) 
RiBiury  i>iitcTo«ths  and  the  third  <m> 
Iriclc. 

Ijl  Ou(1l-  lolin.  mcwnccplialon.  cii  mid  bnin. 
\"lr  crura  ccrclni.  and  the  aijurduM  of 
Kylviui. 

\\\  Ccic-ticllMni,  nieinKeptMlon,  ot  lilml  I>ndn. 
Ndc  Pon»  VsKiJiJ. 

I;i  Mr-liilla  otitna^d*,  myelCDceplwInn,  or 
ofttr  linln.  NcHt  nidim«M>ry  n)0( 
rnifili  TcMrkle,  and  micin  of  mart  of 


'<)■  llin  lit aln,  anil  fiilkHrini;  •(■  inqpil&rilia- Ik  a  iMIeUc 
ili(  1^  Bitn-'tKfa  III  Uooil  iTueU  u-hkli  M]|ifilr  ttw  ot(- 

..  Oiltlil*  lJii>K  fa)  li)Eh«r  Vcttrbnio,  thtic  ii  utothar 
Ih*  atwtiiHiM— wMdi  do«*  nr«  rnllvw  thr  ninior  ints«lari- 


V 

m 

9 

'^H 

^^1 

^^H 

THE  SPINAL   COKD.                               ^J9 

liei  at  the  hniin  in  cArcfutl)'  u  doei  lh«  pik  nuKr.    Ttiirdty.  ■  Ann 
ineinb[une~1hc  iJurx  matci— tinei  ihe  brain  ax,  nnil  is  continued  <luwn 
Ihc  tjiinal  culsl.     In  Inwcr  Vetlcbnilc-  l)ic  •lutn  tiulcr  ii  •Idubli;,  in 
hl|[hci  VtfifliMitfi  It  it  wi  In  thr  iwiiin  if  llic  »|iinal  eotd,  "hpft  the 
onwr  p^K  liiict  ihp  Inny  laiinol,  while  (he  inner  rnthnthct  the  cord 
iUclf.     In  KmIi»  Ihc  titain  ciur  it  much  lai|-n  ihaa  <he  l:rnin,  mil  a 
Uko  lymph  ipacc  lin  Wtwccn  the  dura  anil  ihc  nia  mtucr. 

An  undemanding  or  Ihc  lelatlons  of  the  dilTcfenl  regicint  will  lie 
rociliuiedby  a  itudy  of  ihc  following  latde  which  lii.  Uul-n  j^vct  in 
hi*  Eccftl  work  on  ifiidh  in  Ilfonn'i  Thietccicli  i— 

ttnioH.              Yuae*. 

SlDSt. 

Ruor. 

C*viiv. 

Sfb*l««*d. 

Aawrta  gr«y 
ui4  vhllc  torn- 

While    ud  Knjr 

Cunul  cwul. 

ti^Slla. 

M«iulU  otilongnU. 

Kpllhallum        of 
<t>un>iilplei>u. 

fDiinhMMriali> 

MdCB- 

caphabn. 

CominJviQrAl 
pul. 

Ceribclluiu. 

Anlcrior  |iarlof 

dwtth  vttiiilak. 

PoluiKuU 

artimi. 

Colin    uf  ojitic 
l.>bn. 

AiiMrWf  C04nfliu- 
BUT*,  velum  tff  Syt- 

AjijtinTuH:!  Ltrsy). 

'nubmcn- 

luroikdltniliun) 
bnniAysU, 

liiDcrnnofoHlt 
tulm  andoiilk  (bal- 

aini- 

E-lptv4>      «hI 
•piihdiiun  «f  dM. 
told  pt>m 

COrput  callaKun. 

tawriv  ORBiMi- 

Tblfd  (VnUklh 

ccphBlw, 

Cmjm  Mite- 

foliull*. 
OVMIatf 

Csibfal  hflnUpbcK* 

ukln. 

7%t  spinal  Cord. 

After  the  formation  of  the  brain  vesicles,  the  remainder  of 
the  medullary  canal  formB  Ihc  spinal  cord. 

The  canal  is  for  a  time  continuous  posteriorly  with  the 
foud  canal  liuneaih,  .10  that  a  ^-shaped  tube  results.     The 
connection  between  thi.-m  is  called  the  neurenteric  canal, 
and  though  it  in  only  icmporaiy  its  fretiuent  occurrence  is  of           J 
much  interest.                                                                                       ^ 

The  wall  of  the  mcduUftry  canal  becomes  very  much       fl 
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thickened,  the  roof  and  floor  grow  ieits  npid]}',  and  thus  the 
cord  is  marked  liy  ventral  and  domi  longitudinal  furrows. 
At  the  siime  lime,  tlic  canni  ilstilf  is  constricted,  and  persists 
in  the  fully  formed  structure  only  as  a  minute  canal  lined  by 
ciliated  epithelium,  and  continuous  with  the  cavity  of  the 
brain.  It  can  hardly  be  said  lo  have  any  function ;  it  may 
be  simply  the  result  of  a  developmental  neeesuty.  But 
Sutton  and  <>askell  have  independently  suggested  thai  the 
central  canal  of  the  nervous  system  represents  a  disused 
alimentary  passage,  which  has  been  replaced  by  surrounding 
nerv-ous  material,  and  which  ceased  to  l>c  functional  when 
the  permanent  giil  became  a  tube  open  at  each  end.  This 
suggestion,  however,  if  indeed  it  was  serious,  has  not  been 
accepted  by  any  morphologist. 

In  (he  ooctl  il  ii  iinully  nu]r  to  diitingujih  ao  eilcmnl  n^ion  oTuhilc 
mnllti.  compoaei]  of  nicJullnloi  ner»"e  filirei,  anti  an  inlemal  ttgion  of 
grcv  niallei,  conloinim;  eiu)|;Ut>iik  edit,  and  non-nicvlulJEilcil  tilirei. 

The  urnnjcemenl  oi  die  crey  noltrr,  tOf^etliDr  witli  the  iongiliullnat 
ItimrM,  give  ilic  coid  n  dhlincl  hilitlciml  ipnmciry.  whieli  i*  MmMimiB 
oliviouti  al  a  very  ently  tivge. 

The  brain  sutBlance  it  alio  compoicil  of  gtey  and  while  malleri 
bui  ihcr«,  al  any  rote  Jn  hi|[hct  fbmu.  the  amkn^mcnt  v.  vtr/ 
coropUcHted. 

Concerning  the  dcveloi>ineni  of  the  peripheral  nervous 
system  there  is  far  less  certainty  than  with  regard  to  the 
central. 

The  motor  ncr^-cs,  even  the  motor  parts  of  the  cranial 
ncncs,  appear  lo  arise  as  fibrillar  or  as  cellular  outgrowths 
of  the  central  nervous  system.  All  the  sensory  nerves  take 
their  origin  from  peripheral  ganglia,  and  the  root  fibres 
grow  thence  into  the  central  sysiein.  According  to  some 
embfyologists,  certain  sensory  peripheral  ncn-es,  e^.,  the 
lateralis  of  the  tenlh,  arise  in  situ  from  the  sensory 
epithelium. 
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Cranial  Ntfvn. 
The  or^n  and  distribution  of  the  cnnia)  nerves  may  Ik 
wmmariscd  »  follows  :— 


.  0»dc. 


«.  pMbMk         at 
IneUiw.    ■■>. 


6.  AUiMwi.     •■. 

ckMr      a. 
pwily        I. 

■».  VafM  o>  Khv 

ark- 


OWGW. 


Dwrnaanaa. 


wim. 


FnM   of  en 


0>r*a«y 


AUilai 


K»TM. 


RMbdparugflW 


EiliniJ  no—  rf 


WJIIIM 


mttUL 


CMMny 


n^  sow  w« 

dHT«Mwltoinlii, 

HHMI. 

Pn>t»liliil» 

I,  M  •  TiMml  nw. 

OmmIM  CMfltM 

lCMw*«f  lb* 

B|<Wt«Wfcl»         WO- 

«Mdl^aftwb(M> 
fiUanMMlWuik, 


CMallM    M     Ik* 
foau  la  f  Md  L 


d»Mai  af  Im>  ** 
Dvai 


llHftMfAwiaahiikarm  h  fKiUlia  < 


.  ■«•  ■•"••  III  ika  II  MlMi  fraia 

"*.«"CTi*™?  TT  "i  ?!'*-'■■  >«7^_!*«  -M  "rt  liUl  Mn.  *««  tto 
lapiabwnaaika  "nlnurVbHHiaiL      li  niii.  ilii  iiiwift  i^n  [i  m|iJ. 

vu  IvcvM*  cIhBt  voMr. 

•  tW  t«ar  •.  U  a  riMiMaiu  (n  wmr  •*  rfinM.  A«.. ■-'i,  ^HbR 

IN»««a..iHKa»-iaifc»tia;  a»J».  fca.1— li.i^ito  ■warafJwSTluT 
IwlaiiB  imiiitim  tnm  iW  cm<>«  w  iIh  U«r.  ^^         " '       ' 

TtwK  b  miKfa  BMotaiM*  m  RfMil  U  ilw  nu3r|dtal(«{nil  v*liw  vT 
Ibc  vmou.  cnual  ncnai,  InI  ike  Mlmrlng  wdltwn  arc  Iniiot. 
taM:—  ' 

(I)  The  iwriBBriie  dthtf  u  MMgnmli*  of  Om  emtnl  wMt<H,  oi  m 
iptcuOuMwo.  ti  poiphml  cclk  Euli  qted  iwm  Iim  i«o  imu— 
adoD^and  ■  «w«l.  I«i  i*  mm  otra  >l  I*mi  ■  crwikl  nerra 
bi  prinlllTelr  a  aincie  donal  not  drttlojiliiK  frow  m  tmnt  tUga 
or  the  donal  tartica  of  ihc  tnie.      In  tmtif  mtm  ikk  nM  dMda 


«••  STMOcraxM  or  ivMTXMadTd. 


laMTMii  •  ^  Md»  Md  A.  M  Mr  k  • 
mtf  w  «Jm  ^  IcMd  J    I  II  <  I 

«*«»  M»—  M»  MaMwy  dwiiMJPn.  Ii  ■  ttdr  ite  t.  >  (.  r<  &  » 
•ad  mmmI  fMti  of  M  hhIi  Hnoai.  b  i*  bmUt  ihM  aa  mxIo- 
■M«b  •  nMal  MMMMMiMd«kh  tkttiii  or  dan  BBVb  IIM 
Om  intMmt  m  •  vcMnl  fOM  of  Ac  iririMlMl.  Am  Ac  iffcaai  ii  ■ 

MMMl  iwjt  nT  Ih*  &iU. 

Ij)  >■  !•  I'MtU*  iWi  och  tnhr  iifiMil  ecn«  vwIM  b  priwIiK 
0H  (bi,  at  7  wdbIUb  iIm  uindc^  9  ika  fat  hnscUaL  10  At  «ceaad, 
AM,  inwih.  u>3  Mb  hu^ah. 

M  li  b  \lk»ij  itai  Mck  Mgtwtol  nenw  wm  MwdM«d  wiib  a 
iMiwUd  WMa  DfpB  (Bmh)  n3  Frampk  Tbae  cnw  wiM  abavc 
■Im  gUI*.  Mid  nD«  thmM  into  vwlaw  fMU  of  Ac  bc*3,  and  aloae  Um 
liahh  M  Um  "}Me.n\  Mm."    Ii  b  [«MiJ'>k  "^  ■  btaoeUd  sobw  of^a 


fill.  Ml>-  I)l>itinmiiuuic  tccliunorSiHDalCoH. 

//<  PiHiMlar  Huui*!  /j..  iioiarior  mlumn  of  vhiu  nuMr: 
^jLh,  iliitMl,  pMlnlw,  iMuuiT  M  (Tamil,  nwi;  ,r.,  f  mljoii; 
K4-Mk,  wimt.  AikHrtm^  hkiI^t  ur  *<Tartni.  null  t.m-,  tumpouna 

■■1IJIIM1  t«l]»  f,«*,.  Mfwy  nuiiivf ;  >viw„  ^hiiciiuitcr' 

luf  iwui  Mcli  |<iimltl«e  fill  doll,  uiil  hul  an  uaudatcd  inngllcm.  The 
lliinilllHliiiintniu  clllniy,  |;iiu«ilaikAc.  iimjr  Ic  the  pn|{Ut  M  ImnchuU 
Miu*  lumn^  uiil  U  (Mini  that  pMI*  u(  (hem  anw  in  devclopnieiU 
liiilii|wi»Ti>iill]r  of  Iha  tuklii.  It  mar  he  thai  wwc  and  eai  were  ottptiallf 
(•■nix  I1I11I  wiiM  iiriiaiu. 

Sfimti  JVrma. 

lUrh  Hpinnl  nerve  hits  two  roots— a  donal,  potterior,  or 
(wiMpry,  Ktid  ti  ventral,  anlcrior,  or  motor.  These  arise 
K<-|t.iTaicly  ami  imU-(icmU-iitly,  but  combine  in  the  ndnity 
\>l  ilic  titiil  ui  lonn  *  iiiif^W  nctvc.  The  dorul  root  exhibits 
At  Ml  Mtly  period  «  large  (tanglioDk  HwdJing — the  spinal 
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gnnglion ;  the  ventral  root  is  apparently  non-ganglionaied. 
Moreover,  the  dorsal  root  has  typicall)'  a  single  origin  (as 
in  the  cranial  ner>-ea)  while  that  of  the  ventral  rool  is  often 
multiple. 

Tlic  iloiwl  loots  v«  ouigtowilu  or  »  cnniinuoui  i%&^e  or  ata.  aloog 
Ihr  mrdiiin  ilartaJ  line  of  the  con).  A>  the  coed  powi  ilic  nerve  foot* 
of  BMh  tide  bKome  wparttcd.  Tli«y  utilft  tlil^wlrd*  uid  downward* 
Id  the  udct  of  the  coid.  The  tciiiral  ruoo  uc  U(c>  in  >rlhUi|; :  they 
tpring  u  oulgiimtlik  from  the  lHiriu-i-rntr>l  Angle  of  Ihr  oonl. 

Katil  maiiilAini  (hat  the  k[iinii1  ^unijtiu  do  nut  nriw  fiom  the  >iiiiiiil 
eurrl.  Init  hate  mi  iii'ltpen'k-ii(  origin  from  the  deeptr  Iniren  nf  the 
cpiUtsl. 

Anording  to  meat  Authoiitim,  the  tyinixiihelie  EUiglia  are  ofltboots 
ftom  the  umc  rudiiiieni  u  thai  fioin  which  the  dorul  gMulia  ariie, 
ood  it  ii  pouilile  thai  they  are  the  iiiiwe  or  leu  iiigiitnl  ranglla  of  the 
t>ential  roritt,  with  whidi  they  at  connected  l)y  tniali  fibre*.  On  IhU 
view  iGatkell'k)  Uilh  rootA  may  be  nid  to  be  gsnglioiwled.  But  the 
gADgUon  iif  ilic  <loitiil  rool  i>  slaticoiary  ia  pontioni  Hud  the  nerrc  fibre* 
which  pais  lliiou|-h  it  come  both  fiom  Inc  viicer»l  (iplaneliiue)  and 
from  Ihc  peripheral  uunalic  iwiu,  )ie[anlinj!  from  one  annlhei  wjihin 
the  card.  On  the  nihci  liand,  Ihc  »up|>OMd  pnifliiin  (kymjiaiheiic)  of 
the  ventml  toot  I«  ■niire  or  Icm  m^isnt.  ind  off  the  miiin  line  nf  the 
root,  froin  wliicli  it  lecciTc*  (moll  fibres  paainE  to  i|ilanchtiic  or  i(>cei»l 
»iructuie>. 

Stmt  Organs, 

The  centra)  nervous  system  lua  dotibtlcsa  arisen  in  the 
course  of  history  from  the  insinking  of  external  nerve  cells ; 
it  does  arise  in  development  as  an  involtJiion  of  ectodonn 
Of  epiblasi.  The  same  layer  gives  i>rigin  to  the  essential 
parts  of  the  sense  organs,  The  Verielirate  eye  is  formed  in 
^eal  part  ,is  an  outgrowth  from  Ihc  l>rain,  hut  as  the  brain 
IS  itself  an  involution  of  cpiblasi,  the  e)x:  may  be  also 
rtfcrrcd  to  c.vlcmal  ncr^'c  cells. 

Bfanfhh!  Stnit  Orj^um. — Iii  many  Fishes  and  Amphib- 
ians there  are  lateral  sense  organs  which  form  the  "lateral 
lines,"  while  others  lie  in  the  head  and  were,  in  all  likelihood, 
nrimitively  eonnecied  with  gill  clefts.  In  Saiiropsida  and 
Mammals  these  branchial  sense  organs  are  no  longer  distinn 
as  such. 

Tfit  Nosf. — It  is  possible  thai  the  sensory  pits  of  skin 
which  form  the  nasal  sacs  arv  two  branchial  sense  organs. 
They  are  lined  by  epithelium  in  great  part  sensorj-.  and  arc 
connected  posterioriy  with  the  olfactory  nenes.  In  all 
Fishes,  except  Dipnoi,  the  na^al   sacs  remain   blind ;  in 
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Amphibians  snd  in  nil  the  higher  VcTtebntc&,  they  open 
posicrioiiy  into  the  cavity  of  the  mouth,  and  serve  for  the 
entrance  of  air.  The  peculiar  noslril  of  hagfish  and 
lamprey  is  referred  lo  in  the  chapter  on  Cycloitomata. 

Tk<  Ear  in  Invertehrates  is  formed  by  a  simple  invagina- 
tion of  the  ectoderm  forming  a  little  sac,  which  may  become 
entirely  detached  from  the  epidermis,  or  may  retain  ttx 
primitive  connection  :  so  in  Vertebrates,  at  an  early  sta{^ 
an  insinking  forms  the  auditor)-  pit.  This  sinks  further  in, 
and  ihc  originally  wide  opening  lo  the  exterior  becomes  a 
long  nanow  tube.  In  Elasmobnuicbs,  which  exhibit  many 
primitive  features,  this  condition  i.t  retained  in  the  adult,  in 
other  Vertebraim  the  tul)e  loses  its  connection  with  the 
exterior,  and  becomes  a  blind  prolongation  of  the  inner 
car^thc  aqucduclus  vcstibuli,  or  ductus  endolymphaticus, 

1'hc  auditory  vesicle,  at  iirst  merely  a  simple  sac,  soon 
becomes  very  comptJcaied.  Ii  divides  into  two  chambers, 
the  brger  titriculus  and  the  smaller  sacculus.  From  the 
utriculus  three  semicircular  canals  are  given  off,  except  in 
the  lamprey  and  hog,  which  have  two  and  one  respectively. 
From  Ihc  sacculus  an  outgrowth  called  the  cochlea  or 
lagcna  originates  ;  it  is  little  more  than  a  small  hollow  knob 
in  Fishes  and  Amphibians,  but  becomes  large  and  important 
in  Sauropsida  and  Mammals. 

A>  ihi.i  dilTcti-iiiiaiion  of  the  parli  of  ili«  inteniB]  «gtr  lako  (ilKe.  the 
lining  epilhclium  alio  Lccomci  itiffctcnliBled  into  ftutenod  eov«[)n2c«lli 
and  Kiiiary  auditory  oclli.  The  «iidilaty  tclli  ue  Rinuijtcd  m  ntcbn 
lo  which  bcuicho  or  Ihc  andllorr  nem  arc  dintritiulod.  Wlin  ihde 
KDKiiy  palch«k  calnrKui*  conaetl<ini  (olulllhii)  arc  uwdaled,  excrpi 
In  ihc  cochin  of  Munmalt. 

1'lic  hel  llial  lime  ballt  are  ollcn  (Icposilctl  in  the  skin,  and  thai  ihc 
enr  uc-  nritct  as  an  insinldng  of  epiblul,  may  ptrhapi  thcd  Koat  light 
on  ihv  "ligin  of  otolithi. 

The  iMtris  whii^h  «-«  have  so  fat  oonndcred  canMihiic  together  Ibe 
membmnoiu  Inliyiinlh  of  llie  mi.  Round  about  ihtm  the  meaoblail 
(mctenchyme)  f»init  a  tiio.laycre>l  cnv«lonc.  lu  inner  lAver  diiln- 
tcfratea  to  [voilucr  »  llulil,  ihr  perilymph,  which  haihet  the  whole  onler 
(urEiccoJ  tht  incmlmnoiit  lubyrinlh.  lit  oiiIr  lajrr formal  firmcMC, 
the  Cttrlilaginoiu  or  bony  labynnlh.  siirrDim<linc  the  inlemBl  nr.  The 
ntcaibranoui  labyrinth  itself  oontaiiu  anaiher  flnid,  the  endolymph. 

Certain  fwt»  of  development  tugEeii  lh»l  ihe  e«f.  lUic  ihe  olfncloiy 
oivu),  Riiy  be  n  brinchinl  icntc  orenn. 

Whh  lenid  to  Ihe  funclion  of  the  parts  of  Ihe  car,  the  icmlciKular 
canalK  are  (irhcTci]  liy  many  to  Iw  ewiocined  wilh  the  apprediilion  o(  a 


SfySB  OflGAXS. 


**i 


ebu^  in  (hr  <ll[cction  at  vclodly  or  movement,  lloir  fu  ihe  <*n  of 
luwer  V'crlctntel  |«^,,  Cnislacot  Knd  MolluKiK  uc  adapted  for  any 
function  cicept  this  is  still  iloubtFuJ.  and  we  can  hardly  b«c  Ihal  any 
ollwr  umiid  be  of  much  use  to  puiel^  aquatic  aniniols.  li  i«ems 
likely  at  any  rale  thai  ihe  ptimiiive  funclion  of  ihc  e«r  w-as  the  peicep- 
linn  of  vilirationi,  and  thai  from  ihii  l»ili  Ihc  lenu  of  henring,  and  the 
tciue  of  equillhmlion  have  ticen  dltlcreiittHlcd. 

tl  i»  in  accordance  with  ilic  facth  mriiiiiiiietl  aliovc,  thai  we  rarely 
finil  in  Kikhn  any  apeciat  lath  liy  which  imiircnions  of  tuund  may 
travel  from  the  ettenuil  world  lo  the  rta.  In  Amphibians  anil  higher 
Vertebrates,  however,  the  ear  has  sunk  further  into  the  rectsie*  of  the 
skull,  aod  ■  spcdal  path  fot  the  sound  is  present.  In  Elasmobiancht 
the  ifUMcIc,  or  first  pll  cicfi,  it  situated  immcdiaicl);  behind  the  cu  i  in 
hl){her  fomu,  according  to  many  authors,  ihii  fiitt  gill  elcft  a  mctAmni- 

S hosed  into  the  coniliicting  appatatuiof  ihc  cur.  In  devclofoicni  a 
cpiruion  beneath  the  clotcil  pll  cWi  iinitrs  »it(i  m,  ouiKrowih  from 
till-  phaiyru,  and  thus  forma  Ihc  iyin]Kiuir  cnviiy,  which  commuaieaCes 
with  the  bock  uf  Ihe  moulh  by  the  Eubtaclii.-in  tul«.  The  tympanic 
cavity  is  closed  cilctnally  bf  the  drum  oi  tympanum,  which  may  he 
tlaih  with  the  suifaee,  ai  in  the  Frog,  or  may  ue  ot  the  end  of  a  narrow 
pBiMge  which  in  many  MammaU  is  (uiniihcd  ciiemBUy  with  a  projec- 
tion or  ninna.  In  Amphilna  anil  .Sautoritida  the  trmmt^  cavity  ll 
Iraveneu  by  a  Inny  rod — the  columella,  wliich  eitcndt  bom  the  drum 
to  Ihe  fenesltn  ovalis.  a  little  tperluie  In  the  wall  of  the  bony  labyrinth. 
In  Mammali  this  is  icpUced  by  a  chain  of  three  ondev  an  outeitno*! 
mnllcus.  a  niedim  incus,  on  internal  stapes. 

The  homo1cigl»  of  these  oMicles  arc  still  uncertain.  Tlie  following 
i*  lleilwig's  lnler[iretation  :— 

Mallcus^Aiticular*' angular  elements  of  Meckel's  cartilage. 
Incus=PaliUo-quadTa1c  of  lower  Vcrlebfales. 
StapcK  of  Mammak  has  double  origin,  being  fotrocd  fiom  the 
upper  pctrl   of  hyoid  afch4an  ooUicalion  from  the  wall  of 
the  ear  captulc  =  (wholly?)  colnnuUi  of  Bird*,  Reptiles,  and 
Amphitiiani. 

The  E}t. —  I'hcrc  Is  no  eye  in  Amfhtoxus,  it  is  rarely 
more  than  krval  in  Tunicales,  it  is  dcgiMit^ratc  in  Afyxim, 
and  in  the  >'oung  lamprey.  In  higher  forms  the  eye  is  always 
present,  though  occasionally  degenerate,  r^.,  in  fishes  from 
ciiveK  or  from  the  dee|>  »ca.  It  is  hidden  under  the  skin  in 
Prolan,  nn  amphibian  cavedweller,  and  in  the  sublcrninean 
Itmphiliians  like  Cadlia,  very  small  in  a  few  .inake*  and 
li/ards  and  a))oitivc  as  to  its  nerves  in  the  mole. 

'I'lie  adult  i-yu  is  more  or  less  globular,  and  its  walls  con- 
sist of  several  distinct  layers.  'I'he  innermost  layer  bounding 
the  po&lcrior  part  of  the  globe  is  the  sensitive  retina,  inner- 
vated by  fine  branches  from  the  optic  nerve.  It  may  be 
compared  to  the  nervous  matter  of  the  brain,  from  which, 
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indeed,  it  arises.  Outside  of  the  retina  is  a  pigmented 
epithelium,  and  oulside  of  tbb  a  vascutar  membrane ; 
togeibci  these  are  ofl<:n  called  the  choroid.  The  vascular 
part  may  be  compared  lo  tite  pia  matter  covering  the  brain, 
and  like  it  is  derived  from  mesoblaxt.  Outside  of  the 
cborotd  is  a  iwotective  layer  or  sclerotic,  contiiarable  to,  and 
continuous  with,  the  dura  mnter  covering  the  brain,  and 
alto  mesoblaatic  in  origin.  Occupying  the  front  of  the 
l^obe  is  iIk  crystalline  lens,  n  clear  hall  derived  directly 
from  the  skin.  It  is  frinf;cd  in  front  by  a  pigmented  and 
muscular  ring— the  iris,  whicli  \%  for  ilie  most  part  a  con- 
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tinualion  of  the  chwuid.  The  s|)sec  enclosed  by  the  rrit 
in  front  nf  the  lens  is  called  the  puptL  Protecting  and 
■closing  the  front  of  the  eye  is  the  firm  cornea  continuous 
with  the  silcToiic.  and  i-ovctcd  externally  hy  tl»e  conjunctiva 
—a  delicate  epithelium  continuouK  with  the  epidermis. 
I'  <  'rneaand  tiM  irisisa  lymph  space  comatninit 

ur,  while  the  inner  clumber  behind  the  lens 
lUim  a  clear  )dly — the  vitreous  humour.     Tlie  ten*  is 
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moored  by  "  cilisry  processes  "  of  the  choroid,  and  its  shape 
is  alterable  by  the  action  of  accommodating  muscles 
airaiified  in  a  circle  at  th«  junction  of  ixis  and  sclerotic  In 
nuuiy  Repiitt^  and  in  Birds,  a  vascular  fold  called  the 
pecien  projcctx  from  the  back  of  tbc  eye  into  iht:  vitreous 
humour.  A  ximibr  fold  in  Fithcs  (practstut  /•ilei/ormii} 
cnd-t  in  a  knot-liku  structure  in  the  lens.  The  retina  is  a 
very  complex  structure  with  several  layers  of  cells  partly 
supporting    and    partly    nervous-,      tbc    layer    next     the 
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FlO.  I4i.— Developnunlalofllieeyi'.     (Aftn  BAUOua 
and  HKXTWKi.l 

I.  Sidlon  direurii  Gm  vnldroDie  *««klt,  fluwiiif  ouiffrowth  «r 
Vplk  TMhIo  <i^O  M  iMti  iha  tkh>:/>.,  nmbnln;  G:  ibcCBi. 

■■4.  The  rovniilLon  or  ilit  f«r»  (/)  rrorn  Ihe  tktn,  nhd  tlic  modlflcB' 
<M>nof  Itieopiki^BEck  bM  au  otrtic  cup :  JV.intiiA;  r.A.,  vIipha* 

5.  Kiilcroal  Mpvcl  of  rmhrroi^k  vyt ;  ^ » IcDL 

vitreous  humour  consists  of  nene  fibres,  while  (hat 
futihcst  from  the  rays  of  light  and  nest  the  pigment 
epithelium  consists  of  sensitive  rods  and  eonea.  The 
region  where  the  optic  nerve  enters,  and  whence 
tbc  Abrcs  spread,   is    called    the   blind    spot,    and  near 
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this  there  lies  llie  DWBt  sensitive  region — Ibe  yeUow  spot, 
with  lis  fovea  ccniiaUs,  where  ail  tho  b)'crs  of  the  retina 
have  thinned  olT  except  the  cones. 

Among  the  cxttitaic  >lnictur<%  tannl  be  nuinJ  the  \ix  muKlrs  which 
mov(  tho  aynhall,  the  U|iprr  and  lower  cvrti'ln  wliich  utt  o(lm  very 
■li^lljr  developed.  Mid  the  ibjril  ey«llti  or  nictiialine  nmnbinite. 
Abn-e  Fiihei  there  li  a  lachr)-nuil  |(Imu  anociuied  with  the  uppet  lid, 
and  B  Hudetian  ^naA  ouocUicd  with  the  nictiuiing  mcmbiiukc.  la 
Mimmoli  IhcK&reiibo  Mdbomiiin  gUndt.  IlicKcreticiiuofall  (hcK 
glaiuK  keep  Ihe  saifaet  of  the  «)«  moUL 

While  the  m«<lullary  groove  a  still  o|>en,  the  e)-es  arise 
from  the  first  vesicle  of  the  brain  as  hottow  outgrowths  or 
primary  optic  vesicles.  Knch  grows  tilt  it  reaches  the  skin, 
which  forms  a  thickened  involution  In  Front  of  it.  This 
aftcneards  becomes  the  compact  k-ns.  Meantime  it  sinks 
inwards,  and  the  optic  vesicle  becomes  invaginated  to  fonn 
a  douhle  u-allcd  optic  cu]).  The  two  walls  fuse,  and  the  one 
next  the  cavitv  of  Ihe  cup  becomes  the  retina,  while  Ihe 
outer  forms  the  pigmented  e|)ithelium.  Meanwhile  sur- 
rounding tnesoUast  hns  insinuated  itself  jxist  the  kns  inio 
the  cavity  of  the  optic  cup,  there  forming  ihc  vitreous 
humotir,  white  extcrrully  tlie  mesol)lasl  aUo  forms  ihc 
vascular  choroid,  the  lirm  often  cartilaginous  sclerotic,  the 
ilinci  layer  of  th«,-  cornea.  &c.  Along  the  thinned  Stalk  of 
the  optK  cup  the  optic  nerve  is  dc%'eloped.  Its  protective 
sheatii  is  continuous  with  the  sclerotic  of  Ihc  e>'c  and  tite 
dura  mater  of  the  brain.  As  the  iKr\'e!i  enter  the  opiic 
ihalnmi,  they  always  cross  one  another  in  a  ehiasmo,  and 

cir  littrcs  utiulty  interbcc  as  they  cross. 

Tht  Alimtntary  Sjritfm  and  Aiiocinttd  Stnuiurts. 

Tlic  alimentary  intet  exhibits  much  division  of  labour, 

not  only  arc  there  parts  suited  for  the  passage,  digestion, 

id  absorption  uf  tlie  food,  but  there  ore  numerous  out* 

>wths,  «x>  luns^  >i>d  allanlois,  which  luve  nothing  to  do 

'  I  the  main  function  of  the  food  canal. 

<  By  fax  (Itc  greater  itart  ol  ibc  food  canal  is  lined  by 

or  hypobbst,  and  it  dciived  from  the  original 

ity  of  the  gutrula— lite  |>rimitive  gut  or  archentcron. 

Ilia  is  the  mid  gut  or  mcscnlcron.     But  the  mouth  cavity 

flitted  by  ectoderm,  invaginated  froni  in  front  to  meet  the 
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mid  guL  This  region  it  the  fore  gut  or  slotnatodKum. 
Finally,  there  is  usually  a  slight  posterior  invaginatioa  of 
ectoderm,  forming  the  aiius.  Tbi&  is  the  bind  gut  or  proc- 
todeum. 

AsMckled  wi[h  tbc  moulh  arily  or  iitotiuuod>ui»  at*  (dj  tocth 
(OClodcnnic  tuilinienli  of  cnund  cuinbincd  oith  a  lunoiJiimiic  lapilla 
which  fotiu*  diailiiie  ot  ivoty)  1  \p)  from  Aniphibinns  unvru<U  speeuJ 
alinty  glmndi ;  (c)  a  Imigue  or  BiuicabE  %dA  schuIJtc  outErovih  from 
the  ftooif.  The  lonene  devdopa  U  *  fold  of  mucous  membrane  in  TrDnl 
«f  Ihe  byaid,  Mid  ilMiward*  bccocnn  laciaueil  by  erovrUi  of  oaniuciivc 
tiM«w^  &e.  In  Inrv*)  AaiehibUok  niucle  Annils  iiiul  (licit  «ny  into  it, 
and  it  Kenu  likdx,  lu  Gcgenhiur  hu  lenntlv  inJicatcd,  (hat  thcli 
Ofipoal  liiDClion  ax*  la  comptcu  the  glnndi.  as  Ihey  gained  ttrrnglh 
tbef  became  kble  for  •  new  function,  that  of  movin£  Inc  (on^uc  tn 
Atyxiiu.  Dipnoi,  end  higher  nnimalt,  (he  nun]  mt  apcns  poslenody  iMo 
Ihc  muulh ;  In  tome  Kepdlouid  Uird^and  In  ^  Hunnuk,  [be  cAn(f 
of  (he  moudi  ib  dividnl  t^  *  |iaU(c  Into  at)  upper  (umI  >nd  jowei 
bueal  portion. 

The  oriein  of  the  oral  Bpeilure  ii  not  qotte  certain.  In  TDnica(es  it 
i(  formed  Uf  on  ectodermic  tniinkiog  arhich  meet*  the  afchenicron  t  in 
AmfiituMi  it  Memn  In  lie  formed  at.  a  noie  In  ui  ectodennic  diw  1  in 
'rthct  curt  it  iiiittiii|i1rcctodcmiicinvaginjtiun,  ur  it  nui]rowEittori|riii 
t'l  the  ciMlrfcence  I'f  an  anteKor  pair  of  ^1  clefts  innenatcd  by  ue 
lifUi  nerve.  If  the  litit  interpretuion  be  Imc,  it*  origin  iliuMnles 
that  change  of  fiinction  which  haa  been  a  bequoM  occuircnce  in 
evolution.  Bui  if  ihernouth  arou  from  a  tMtr  of  ^cleiEti,>n(i  in  some 
CMC*  it  utiully  hu  a  luiccd  orif^n,  Ihcn  incie  muxl  have  been  an  older 
tttoalh  (o  Man  with.  Thm  lleanl  in  hit  biilllnnt  ntorphologieal  Mudies, 
ibllnguithn  between  "  (he  old  tnouih  and  the  d«*."  Tb^  new  mouh 
IS  tnppoaad  to  have  reiutttd,  aa  Uohm  ngg«al«d,  hotu  a  pair  of  ^ 
clefls;  the  old  mouth  was  nn  antecedent  itomalodRmn,  ce  which  the 
Mvenllrdnoieaf  jt^KnVwand  ihcomlhyDophpiiuf  highvr  Gwmtnwiybe 
vcstigci.  Thi*  theory  hftnnoniics  wi(h  (hi:  observBtioni  of  Klcinenbei^ 
on  the  deTelcnment  of  (he  mouth  io  some  Annelids  {JjfoJvkfmAiu^, 
\d  which  the  larral  alomaiodteam  1>  replaced  by  a  paired  eciudcrmie 
invaglnaiion. 

The  mouth  csvity  leads  into  ihe  pharynx,  on  whose  walls 
there  axe  the  gill  clefts.  Of  these  the  maximum  number 
a  ci^t,  for  the  hundred  slits  in  Amphtoxut  cannot  be 
directly  compared  with  the  ordinary  clefts.  If  we  exclude 
the  hypothetical  clefts,  such  as  those  possibly  r«>ri!scntcd 
in  the  mouth,  the  Arst  pair  fomi  the  spiracles — well  seen  in 
iluites.  In  the  portion  of  the  spiracles  the  Eustachian 
Cubes  of  h^her  Veitcbnilcs  develop.  In  front  of  the 
spiracle  there  is  somaimca  a  spiracuUr  caililage,  whidi 
Dohm  dignifiL-s  as  a  distinct  arch.  The  other  gill  clefts  are 
associated  with  gills  in  Fishes  and  Amphibians    while  in 
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Sauropsidii  and  Mammals,  in  which  ihcrc  arc  no  giUs,  four 
"  visceral "  clefts  persist  as  practically  fuiiatonlcss  residual 
Structures.  In  some  cases  their  openings  arc  ver>'  evane- 
scent. The  clefts  are  bordered  by  the  branctiial  ardies,  and 
supplied  Ity  btoo<l  vessels  and  nerves. 

With  the  anterior  part  of  the  alimentar)'  canal,  two  stmnge 
stniciurcs  arc  associated — the  thyroid  and  the  thymus. 

The  thyroid  gland  Ktxta  as  a  diverticulum  from  the  vential 
wall  of  the  phar)'nx.  It  may  be  single  (ss  in  some  Mam- 
mals), or  bilobcd  (as  in  Birds),  or  double  (as  in  some 
Mammals  and  Amphibians),  or  diffuse  ^as  in  bony  fishes). 
Only  in  the  larval  lamprey  doci  it  retam  its  original  con- 
nection with  the  pharynx,  and  \%  then  a  true  gland. 

As  to  its  morphological  nnlure,  its  mode  of  origin  suggests 
comparison  with  the  hypobranchial  gnsovc  in  Ampkioxus 
and  the  endost)'lc  of  Ascidians,  According  to  Dohm  it  is  & 
residue  of  the  gill  cleft  between  ihc  hyo- mandibular  and  the 
hyoid. 

Almou  tlie  onlf  light  wliicli  hai  tmn  out  on  the  phyiiolo^ol  nature 
of  th«  ihymd  ii  mm  tlic  pathologiatl  tide.  Goitre  and  Dcrb)ihire 
neck  *n  OMOckted  with  ui  enlargement  uid  ilitcAMil  Male  of  Ihb 
orgDn,  and  myxreUcnui  with  iu  (ic^cnetRtlon  or  a1*eiicc.  Ai>  injeciioa 
□f  oiracl  a{  MiccpV  thyrnid,  or  even  caiiiii!  (Iiis  otuno.  allcvimci  myxoD- 
drmo,  il  it  concluded  iW  ttic  (Imoiil  nioit  iwluniily  hav«  tome  tpvcific 
oHect  un  the  Urge  quinlilv  ol  bl«od  which  Iluwi  Ihruugh  it.  Il  h 
probably  afe  to  tmv  that  the  thyroid  aidi  in  k«epiiB  the  Mood  U  a 
cenun  iiondird  of  health,  pethaps  throueb  wme  nednc  fi'micot. 

The  thymm  ariiKs  u  a  donnl  cndodcrmic  tfiickening  where  the 
<iu((rawtli>i  wtiirh  fiirm  the  eill  clcfit  meet  the  eclodcim.  Il  nukr  be 
UwcbtrtI  uilha  iiijilile  munlivr  (if  cle^jt— lli'e  in  the  kkjtte,  four  in  Tele- 
ORmm,  three  in  tlic  liraril.  une  in  the  cliick  :  in  nianunals  il  often  Mrni* 
to  dti^Dcntle  nftvr  yoiilh.  A<  il  liu  from  ilt  tirsi  origin  a  tlittinct 
tymphcdd  nature,  and  apparently  fatm*  teucocyln,  it  hoi  been  iolei- 
pieled  (Beard)  as  a  simctntr  adapted  for  Ihc  phagocytic  protection  ol 
the  silts  from  Bocleiia,  jiuaiilci,  and  ihc  dfecti  of  injury.  If  thit  be 
•o,  H-e  can  undenlonil  lu  diminiahine  imiwnancc  in  SauiopiddB  and 
Manimalia,  where  lla  place  uiny  lie  to  tome  client  lukcn  by  the 
paUlal  and  phaiyneial  lomilt,  which  ore  beliool  \rj  miiic  (lililbr. 
kUIIati,  GuUond)  lo^iave  a  tinular  phagocytic  (iiiicii»n. 

The  pharj'nx  t<:ad;s  into  the  gulk-t  or  wsophagus,  which  is 
a  conducting  tube,  and  this  into  the  digestive  stomach, 
which  is  followed  by  the  digcsttwc,  absorptive,  conduaing 
intestine,  ending  in  the  rectum  and  anus. 

From  the  lesophagus,  the  air-  or  swim-bladder  of  most 
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Fishes,  and  the  lungs  of  higher  Vertebrates,  grow  oul.  The 
air  bladder  usaally  lies  dorsally  and  is  almost  always  single ; 
the  luiiRS  lie  ventr.illy  and  are  double,  though  connected 
with  thu-  gullet  by  3  single  tube.  It  is  not  certain  tbal  these 
outgrowths  arc  homologous,  though  the  air  bladder  of 
Dipnoi  acquires  the  functions  of  a  lung. 

The  beginning  of  the  intestine  gives  origin  to  the  liver 
which  regulates  the  composition  of  the  blood  and  secretes 
bile,  and  to  the  pancrcu  which  secretes  digestive  juioes. 

The    pancreas    has    often    a 
multiple  rudiment. 

From  the  hindmost  region 
of  the  gill,  the  allantoia  grows 
oul  in  all  animals  from  Am- 
phibians onwards.  In  Am- 
phibians it  is  represented  by 
an  unimportant  bladder;  in 
the  higher  Vertebrates  it  is  a 
vascular  fcetal  membrane  con- 
cerned with  the  respiration 
or  nutrition  of  the  embryo, 
or  both. 

Cilia  are  very  common  on 
the  lining  of  the  intestine  in 
Invertebrates,  but  they  are 
much  rarer  in  Vertebrates, 
^'ut  as  they  occur  in  Amphi- 
oxus.  lampreys,  many  fishes, 
ProtopUnis,  some  Amphi- 
bians, and  in  embryonic 
Mammals,  it  seems  not  unlikely  that  the  alimentary  tract 
was  originally  a  ciliated  tube. 

.l/WH/tt/f tv.  — The  iiriniUivc  uui  wni  prolnbly  a  imcKdh  iitisi|;h(  lubt, 
bul  ihc  rapiil  muUipIicalioii  cT  well  nauriihnt  c«ll)  U'ould  lend  to  it* 
incitnie  in  diinietci  and  in  Iracth.  Bui  on  iDCreiuc  In  Ixitli  directions 
the  ilow«rBr'>w(h  of  the  scncraT  body  would  impme  limiiationi,  and  in 
Ihn  we  nuy  find  the  immedule  eii>»tli.condlilon  dcicfinininc  <he  origin 
of  foldi.  eiypts,  cz«^  and  colli,  whicli  would  be  ju«(itir<!  Iiy  (he  incrcite 
ol  alwiiplivc  and  digBUivo  turfiicc.  There  arc  rrKiilni  li'iiKiludiiuil 
bidi  in  Myxiiu,  cron  Ibldt  trai«ning  Ihetc  wtnild  futm  crypt*,  which 
jotkf  be  eiaggtraled  into  the  pyloric  acca  of  TcUcslcaiu  nnd  Ganoids, 
while  otha  modiAoiiioiu  would  |[ive  rl«e  («  *<tpirat  valve*"  and  ihe 
like.     In  the  uune  way  St  may  tm  »uggcilcd  that  the  numciout  imponant 
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outgrcMihi  of  the  mid  nit,  ndi  •«  tunp^  Uvci,  paocKMi  mhI  nlhniBiti 
K>  uoroughly  jiulllicd  ^  tltcit  ludidiieu,  may  »I  fim  have  bcca  due  io 
Iitc««iaiy«oii(lilIoTu  of  growth — In  the  hig;h  nultiiion,  TvpA  prm\h,aoA 
rapirl  nrnltiplication  ol  lh«  ttHtodenn.  Ii  nuy  be  nolnl  llml  in  Ibe 
dmlopmcnl  of  Iho  Amphibkn  A'tilumu  ihae  u«  hinlh  of  moK 
nninecvus  «&dcNitrinic  diitttkula  {fUll).  Kxta  the  nolocbufil,  nhUJi 
aiiici  u  s  median  dotui  Told,  nay  tie  upTCulalirdy  oompwtd  la  • 
lyfAlotolc — foUlcd  oulwBrdi  jniieod  of  inii«idi.  The  wjin  ckbooilion 
01  Ihc  aistni,  whirh  jiriii:  u  oulgmvrfht  oJ  the  gui,  Htmht.  hnuieTer, 
d«{«ni)  on  niiuijr  (actoii,  tuch  u  their  eonclatlon  uilh  oihci  pulH  of  the 
body,  and  mould  al  neb  (top  ba  mflbclcd  m  usuI  I7  nalunil  tclMlioik 

It  ii  often  wid  that,  in  loine  «un  at  least,  m  in  limptcy.  (rue,  ^^ 
nevt,  (he  hlutopOTc  or  openint;  of  ihe  pHmilivc  eaitnla  cmvity  iwriiais 
a*  the  aniw  of  the  odiilt,  tnil  tl  scemi  doubthil  v^cthct  the  anui  it 
not  al««r>  a  new  larmaiion.  In  many  catci,  at  lout,  an  edodcnnie 
invei^Mikn  or  nracudaMm  meet*  ihcclotcd  archentcron,  and  at  the  junc- 
tion the  two  einlhcbal  layns  give  nay,  wi  that  an  open  tube  W  (otiMcd. 

The  foimntiun  of  the  anus  duei  nui  take  place  ctcnc  tu  th«  |H»lerior 
end  of  the  firinutivc  £■"■  ''■■'  ''  "  point  tome  nhort  diuaiKe  in  front 
c^  ikit.  In  eonscqnmce  the  HKealled  poitanaj  got  ii  bftncd.  TWi 
U  conliitnoiu  <iilh  the  neurenlciic  cncal,  and  sa  OMuinnniaiOi  with 
the  nsutal  canaL  The  poM-anal  gut  alinin*  tn  Elianohnncht  a  re- 
UilTeljr  comidenbla  kiu^.  It  ha*  Ixen  vtty  fmiueaily  fnand  in 
Verttbnie*.  and  la  prebably  of  uaircnal  oociunn«e.  After  a  longer  or 
ihorter  period  it  becWMa  otwroltleiy  alio|riii«L  aad  with  it  the  oooi- 
iiMiiicMianbcla«ciiMwa)aiidaliRMntuycuialtBCM)pI(telyde*tniycd. 

AlIMEKTARV  SvSTKM. — SUMUARV. 
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Hoiy  Cavity. 

In  Ampidoxui  a  [MJred  pouch  grows  otit  from  the  archen- 
toon.  Almost  at  once  (hi.«  becomes  divided  up  on  either 
ride  to  Tonn  a  scries  of  small  sacs,  the  cavities  of  which 
form  nldmstely  the  true  body  cavity  ot  ccclomc.  According 
lo  Hertwig.  this  is  in  type,  the  method  of  formation  of  the 
coelomc  throughout  the  Veitcbrata.  In  the  other  \''erte- 
brates,  owing  to  modified  proccsties  ofdt^vclopmt^ni,  prolnbly 
first  arisitig  from  the  presence  of  mudi  yoik,  we  have  solid 
cell  masses  growing  out  in  place  of  hollow  sact,  but  the 

cavities  which  appear 
later,  apparently  by  split- 
ting of  the  cell  mass,  arc 
in  reality  the  retarded 
cavities  of  true  gut 
pouches. 

VasaJar  Sysltm. 

From  Cycktstotnata  on- 
vi.inli  the  blood  fluid 
Ckintains  red  corpuscles, 
Lt.,  cells  coloured  with 
hicmoglobin — a  pigment 
which  readily  forms  a 
loose  union  with  oxygen, 
and  bears  tliis  from  the 
exterior  (gills  or  tung«) 
to  the  tissues.  These 
pigmented  cells  arc  usu- 
ally oval  and  nucleated. 
In  all  Mammals  except 
Camelidae  they  are  cir- 
cular. Moreover,  the  full 
grown  red  corpuscles  of 
Mammals  have  no  visible 
nuclei.  The  blood  Raid 
also  cont^m  uncolourcd 
DUdeat«d  ama-boid  cells,  the  white  corpuscles  or  leuco- 
cytes, of  much  physiological  importance,  t.g,.,  by  bearing 
food   partides   from   one   part  of   the  body  to   another, 


FlCi.  r4S. — Tfnnsi'CTiie  aection 
Ihroueh  B  Trftcwttan  Kmbryo 
(ili*trsnini!iticl.    (Aflci  ZnoiXR.) 

fY-iSpinAtt>>^J;  A^.naioc]iEfnl:H«A,»pu: 
C.V.,  canlnal  nliu  (imlMd):  tjt..  aeiniRIWl 
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•a*..  pHlikin  el  nudua  vndlint  nin ;  >., 

£lk:  £<■■,  Eodsdtm  oTcuc;  iJ,,  mnmiiml 
CI  1   ■■'.,  (nyoiamt.     Th>  Oon  ri|nmni 
■BtMnchymE  nik  Iht    Ulilc  circlu   UbikI 
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and  by  attacking  and  destro^ng  micro-orgasms  within 
thi^  body. 

The  hcurt  receives  blood  from  veins,  and  drives  it  forth 
through  anerit:s.  Its  contractions  in  great  pari  cnuse  the 
inequnlity  of  pressure  which  nukes  the  blood  flow.  It  Ues 
in  a  special  part  of  the  body  cavity  known  as  the  pericardium, 
and  dc^'clops  from  3  single  blood  vessel  in  Cyclosiomata, 
Fishes,  and  Ampliibians,  from  a  pair  in  Reptiles,  Birds,  and 
Mammals. 

The  receiving  r^on  of  the  heart  (s  formed  by  an  auricle 
or  by  two  auricles,  ihcncc  the  blood  passes  into  the  muscolar 
ventricle  or  ventricles,  and  is  driven  outwards.  Except  in 
adult  Birds  and  Mammals  the  veins  from  the  body  enter  the 
auricle  (or  the  right  auricle  if  there  arc  two)  by  a  porch 
known  a.s  the  sinus  vt^nosu.-!.  In  Fishes  (except  TeleostcMis) 
and  in  Amphibians,  the  blu^id  pAtAcs  from  iheveniricle  into 
a  valved  coniiii  arteriosus  u-hich  seems  to  be  a  continuation 
of  the  ventricle.  In  Tek-ostcsns  there  is  a  superficially 
similar  structure,  but  without  valves  and  non-contractil^ 
and  apparently  developed  from  the  aorta,  not  from  the 
ventricle;  it  l.i  called  the  bulbutarterioMis,  and  may  occur 
along  with  the  conus  arteriosus  in  other  Fishes.  In  Verte- 
brates higher  than  Amphibians  the  conus  is,  to  say  the 
least,  less  distinct. 

In  Cycksloiii.ila,  Mid  ID  4II  Flihei  tioepi  Dipnoi,  the  heart  hat  one 
auricle-  niiij  uiiR  tviitride^  mil  contkini  only  impure  blood,  which  it 
rcctii-n  lioni  the  body  wid  driic*  to  ihc  gllli,  vhcnot  purified  it  nowi 
to  thr  Iwly. 

lu  DiptHN.  the  heart  is  incipicnily  Ihrw  chambrnd. 

In  Ampfaibiuu,  the  htut  hu  twu  niuidn  nnd  a  vrniridc.  The  iktit 
auricle  alinyt  r«cdvci  renout  or  imuuic  blood  [torn  Ihe  iKxly.  the  led 
alway*  kccivc*  MIcrial  or  pure  blood  liroin  the  lunev  The  tingle 
venttidc  of  the  Amphibkn  lieari  diivci  Ihc  liltiod  t>i  the  Itody  and  to 
the  tunc*. 

In  all  Hcptilrt,  cxcrjit  Ctocodilia,  the  htiut  hu  two  aun'dn  and  an 
iaoimplpkly  (li\idcd  venlrielc.  liy  meaes  of  the  parlilton  in  (be 
ventricle  much  of  the  venous  blnoil  ii  scnl  to  the  lungs  |  indeed  the 
heart,  though  ptwicning  ottly  three  chunben,  worhi  alntast  u  if  it 
had  (bur. 

In  C^ntcodllia.  there  are  two  nuiictea  and  two  vmtiidea.  But  tha 
domt  aorta,  which  tup^iea  ihc  ponerior  paiu  of  ihc  body.  i<<  fi^rmed 
ftom  the  union  of  iwoaiMlIc  archei,  one  liom  csch  vcniricle.  Thcrcfbtc 
it  cnntaiM  mliad  tilaod. 

Id  Wrdi  and  Mammals,  the  heart  hat  two  auriclai  and  two  veniriclet, 


^^^M 

"~|^B 

~^ 

^^^^^^^^^^^^^^^^^^B 

fe^M^^^^^^^^^^^H 

~          .^^.^^^^H 

VASCULAJC  SYSTEM.                            4S5 

tuA  MH  aortic  arch  tU)iplI(B  the  body  with  wholly  pure  blood.  Ttut 
■oittc  anh  nlnnyi  aciscs  ftom  the  Ml  ventricle,  but  in  Binli  ii  cutvet 
cnrer  (he  righl  lnonclim.  i.r.,  n  a  riEhl  aoctic  irch,  an<l  in  Mnmnuli 
OMf  the  IdTl,  i^,  it  1  left  aniiic  acdi.  Impure  blood  frum  ibc  body 
mien  (he  ri|rhl  aiiiicle.  jxiuici  iota  the  rig)ii  I'eniridc,  It  ilrii'cn  to  the 
luiiK*,  relunu  punliuil  to  the  lel'i  amielv,  euirrh  llic  left  i-cnlricle.  rniii  i* 
driven  1>>  the  liocly, 

The  arlerlul  tysteiii  of  a  fbh  eonsiitt  of  a  ventral  aoit&  continued 
for¥rard*  from  Ihe  heait,  of  a  number  of  mching  v^mIi  diAuing  the 
inpUK  blood  on  (be  gills,  nnd  of  eHcienl  vcseb  coUecliiu[  the  purified 
blood  into  a  donal  aorta  which  cum  along  under  the  taeklione  and 
ntmllet  ihc  body. 

So  In  Ihe  eminyo  of  higher  Verlel)r»leslhe  Mine  arrangement  penisiB, 
ihmgh  there  arc  no  cilh  mjrnnd  Ainpliiliinni.  Frum  a  I'cntnil  arterial 
ttem  arches  arise,  wrhich  are  connected  m>  as  to  laim  the  root)  of  the 
doiml  aoita.  Thii  aorta  give»  off  «e»cls  tu  the  body,  while  in  cmbty- 
onic  life  it  scndi  Impottant  titclline  arieria  to  the  yolk,  and  (  n 
Reptile*.  Biidi,  and  MomnutU)  equally  impocinnl  allaiiToic  Bitcriet  to 
the  allanloii. 

Rctumino  to  Ihc  aiierini  tyMemofa  fiih,  wciiiiui  consider  the  arches 
more  caicrully,  anil  coniuitc  thiin  with  ihotc  of  Sauio|iMda  and  Mam- 
mall,  where  they  an  no  longer  connected  with  futiclionid  gill  dcfu.  and 
•Ito  with  those  of  Amphilnans,  where  the  compticalions  due  to  lungt, 
ftc,  bc^Q. 

FWKKl. 

AuTKiUAna. 

SAUIwr*IDA  AND  MaIUUUi. 

(g)MancCbiil«r  sonii;  arch 
tmully  Bborta;   bas 
a  pnilstent  trace  in 
Elumobnuiclu  (apir- 
acuUr  artor). 

(4))lvoLd     aortic     arch 
aboru,   or   U    nidi- 
menlary,  peniati  in 
EloMnobniocbi   and 
MmaOBBOidt. 

(c|  III  bMnchlaL 

{if\  Md  brancbtaL 

(f)  3rd  brunobiol. 

(/I  4th  branchial   lK''es 
off  artery  to  "  lung" 

of  Dipnoi). 

Abort!,  or  i*  not  dc- 
nloped. 

Aborta. 

Carotid. 

Systemic       aicho, 
unite     (D     foiHi 
dorijd  aortj. 

Rudiiiirntnry  or  dls> 
nppoan. 

Pulmon&r)'. 

At     inoM     merely    etn- 
bn^oic. 

AI     matt    merdy   am- 

Carotid. 

Syiceraic    Only  the  right 
peraim  in  Birdi ;  only 
ihc  left  In  ManiniaU. 

I'oulWy  the   pulmonary            1 
(iinleMlhatbc/).                    J 

Ilic    imloioniuy   (uoleu   ^^J 
that  be  /.J.                     ^^H 

SrXVCrOXS  of  ySSTSB/tATA. 

The  impOTtUit  r«atum  in  ihe  dcvclopmcnl  oi  (he  vodohs  (yMtM ' 
ta  followt : — 

ta)  In  the  «mbr7o  ihc  ritellmc  vcinx  bring  back  blood  from  the  Tdk 
nc;  ot  lint  diieclly  tu  iIif  hmrt.  and  later  lo  Ihe  ll>et.  Inlo 
ihoe  vein*.  Mood  rciurned  bom  the  inteitinc  U  pouted  ta 
incrauinc  quemkjr  hj  other  vdia.  In  the  ululi  ihne  iwnda  lo 
form  the  hepnlic  porl&l  ii>«[rni  by  inmiu  of  uhlch  Uooil  fram  the 


.no. 


fo.v. 
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r.*.,  IHjhi  Mvklctc«n*i>iaiHp*ngiviBasn(>-iu.)< 
•mtntL*.^);  r*>,  i^ihi  naiiid*:  Aa.,  MilncMn MMrf  >• 
hM»U-)l/>kn.riRhi  a^HMwriuB:  L»,MamkUi  l.w..V\ 
•riMiU*  J  IMS  Hnic  tnk :  ^■dr..ila(ialiH>u  tivb*  of  ntoinM 
ll<i«tAlLl»fMU'\<>M>(*'>l/»>^.f»**''<l'Hi  *.i\Hl>9inlc 


iMiMiBh  and  tolcOnw  U  eatii«l  lo  Ibc  Uver,  and  not  dlnctly  to 
Ihahaut, 
(i)  Al  an  aMfy  «^t«  in  dcvehiMimi  ibe  Uood  b  tmmlM  bed  frnt 
iha  auanee  Nfdon  tiy  iV«  (upeiiM  ranKtuil  vtina,  (ram  lh« 
fomniot  tichwliy  ike  infcrti*  cuilleBli.     Tht  Iwo  eaidtml*  «i 
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owh  side  uniic  lo  Ibnn  i1k  Jbxm  tnntvenc  ductui  Cuvlorl,  the 
iwo  diicM  cnierlne  lh«  iliiua  tcdomu  of  Xtm  )inr(.  In  Fishcf  iha 
tupojor  atilinaU  pcnid,  Um  inCerin  oinlinal*  bring  back  btood 
h^m  (he  TtMlarft,  and  alio  lo  Kane  extcni.  tiy  mauii  of  thw 
uniun  with  the  caudal  vein.  Cram  the  poucrioi  irpon  of  the  hody. 
In  tome  case*  thii  union  villi  ihc  caudal  ii  only  iniiiiori,  Ihrou^ 
the  mciliiiiu  of  the  ludnev  |Elaj>nial»iinchEl,  In  thii  vay  Ihc  renal 

Sana]  vritcni  ii  eoMtltiited.  In  hl|;1m  VmcliratM  licfore 
eveloipinrni  is  completed,  ihc  tupwioi  estdinaU  are  isplacod  hy 
the  auperioi  vcnx  e*vx  (into  wluch  the  niparioi  catiKnal*  opan 
at  etlcrdal  juBulara].  The  Inferior  laidiDab  at  fint  return  blrod 
from  the  wolffiui  bodlo  nnd  the  poiicrior  region.  Inlet  ilii-y 
■tfophy.  nnd  ate  rcplnced  by  jin  iinpalicJ  inferior  venn  cava 
which  brinei  hack  blood  bom  ihc  kidney  lelTcrent  rcnalt),  fi»in 
the  liivi  (liepulioi].  and  frrmt  i)ic  hi]id  IiiiiIh  cAni-pl  wbirn  iheic 
i>  a  iciirtl  jioiinl  kj-iU-iii.  In  Macnmnli  llic  xryiot  tein  |icrii»tt 
at  a  rcmnsni  "( infctinr  catdiniili. 
(<■)  In  Amgihibia  a  rein  knuwn  as  the  epigatltic  (anterior  nlylmninal) 
cania  blood  trDin  the  hind  liinha  into  the  hepatic  nattal  syiiem. 
Thii  t'ein  nbo  recdva  blood  from  the  albntnc  bladder,  a  fact 
which  U  of  t(leal  Iheorelicsl  impotlance^  In  all  higher  Vote- 
bialM  in  embryonic  life,  the  IMoo'l  from  the  all^loii  pawti 
through  Ihc  liver,  and  to  a  grealcr  or  leu  exMfnt  into  iU  capil> 
iBTia,  on  ill  umy  lo  the  h«ut.  In  Reptiles,  the  aUulolc  vena 
peniM  ibroughoiii  tUe  ai  Ihc  epipulric  vein  o*  veliuk  In  Kidf 
and  Mammala,  on  the  olhci  hand,  Ihey  atrouhy  comjilctely  at  the 
elo*c  of  ferial  life  In  Binlt,  however,  a  vein  la  ileveloped  which 
oonikecl*  the  velnt  eoniln|>  front  the  potlctJor  ftelnn  wtili  ihe 
aUaniaic  vcint,  thit  peniitt  when  the  lemainiler  o(  the  alliuiioic 
velni  atrophy,  and  ihut  in  Birds  ai  In  AoiphlJiia  Ihort  it  a  OMintc- 
tlon  between  the  componenti  of  the  inferior  vena  cam  and  the 
portal  tyilcm.     In  Mojnnutli  no  (iich  connection  oocun. 

AecotdiiiK  to  niany  aut  horiilct,  the  mcnhu  xyilem  ix  deretoped 
In  the  mcublatt  front  the  hollowin);  onl  of  Unndx  of  oclii,  the 
outer  coIIh  forming  the  wall*  uf  the  vouolt,  the  inner  forming 
the  connitueott  of  the  blood  Aecordieg  to  Mine,  however,  the 
endoileim  ^aj*  an  important  part  in  (he  pmcnn.  Thus  In 
EUMHobnndi  ficbei,  the  aorta  and  the  *inu>  venoms  ntiie  directly 
ftttiA  lhcarchenteron,and  thecaidinol  vcint  niivc  from  the  fmlon 
of  Hcgmcnlal  oalgTowlh)  of  Ihe  aotu. 

Associated  with  ilie  vascular  system  is  the  spleen,  which 
appears  to  be  an  airea  Tor  ttii;  multiplication  c^  blood  cor- 

EumIcx.     It  is  usuitlly  Iwbeved  to  be  of  mesotlcnnic  oiig;in, 
nt  there  are  some  facts  which  point  to  its  being  ttidodermic. 
Developed  in  mcsobUstic  spaces,  and  continuous  with 
the  body  cavity  on  the  one  hand,  and  the  blood  rcsscis  on 
the  other,  is  the  system  of  lymphatic  spaces  and  vessels  {set 
Chap.  II.). 


i 


4!»  STKUCrUfIS  OP  VSKTSB/tATA. 

Hfspiralory  System, 

In  Baianifglossus,  Tunicatcs,  and  Ampkinxut,  the  walls  of 
the  pharynx  bear  slits,  between  which  the  blood  is  exposed 
in  supef6cial  blood  vessels  to  the  purifying  and  oxjrgenaiJng 
Influence  of  the  water. 

In  CyclostOEnnu,  Fishes,  all  young  and  some  adult  Am- 
phibians, there  arc  not  ontv  defu  on  the  walls  of  the 
pharynx,  but  gills  associated  with  these-  On  the  large 
suifoce  of  the  feathery  or  plaited  gills,  the  Wood  is  exposed 
and  puriGcd. 

In  Rq>tile3,  Birds,  and  Mammals,  traces  of  gill  clefts 
occur  in  the  cmbr>-os,  but  without  Umcllec  or  rc^ratory 
function.  In  Ihe  embryo  the  blood  is  purified,  as  will 
be  explained  afterwards,  by  aid  of  the  fitt^l  mc  known  as 
the  allantois  ;  and  after  birth  the  animnl«  breathe  by  hings. 
All  adult  Amphibians  also  have  lungs  l"  which  the  lung 
or  swim-bladdci  of  Dipnoi  is  physiologically  equivalent. 

Tlic  %<A  clefis  arise  as  outgrowths  of  the  cndodermtc  gut 
which  meet  the  ectoderm  and  open,  llie  ventral  |>aire<) 
lungs  arise  from  an  outgrowth  of  the  (^t,  and  such  aUo  is 
the  swim-bladder  of  many  Fishes,  thoujth  that  usually  lies 
on  the  dorsal  surface,  has  rarely  mure  than  a  hydrostatic 
function,  and  has  a  blood  supply  diffcrcni  from  that  of  the 
!un^.  That  lung  atvd  swiin-bladdcr  arc  homologous  is  by 
no  meuis  ccnain,  but  the  comparison  is  plausible. 

Excnlnry  Sytkm. 

The  development  of  this  is  always  complicated.  In  the 
embryos  of  Vertebrates  at  an  early  sugc  theic  ate  alwa)-! 
trtce*  of  a  frmefhrvi  or  so<:alkd  head  kidney.  In  its 
mon  deveU^ied  condition  this  consists  of  3-7  pairs  of 
•egnMinally  arranged  tubules,  which  communicate  on  the 
one  hand  with  the  l>ody  cnviiy,  and  on  Ihe  other  by  a 
segmental  duct  with  the  cMerloi.  llie  ttU)utcs  are  com- 
parable to,  and  {)et)M)ia  homologous  with,  the  nephridia  of 
AnndkU.  The  pronq>hrui;  (icimsis,  although  a|))xirently  in 
a  fomewbat  degenerate  condition,  in  Mtxine  and  Bdtllo- 
m!dmm  ;  in  Bony  l''ishcs  and  Amphibia  it  forms  n  large  and 
fuiKtiotuI  organ  In  early  life;  in  Elasmobnuichs  and  onwardi 
h  Is  from  the  Ant  rudimcnury  and  functiontess. 
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Tlie  Mgmcntal  duct  Ims  possibly  an  q)ibUstic  origiu. 
it  grows  gradually  backwards  from  its  place  of  origin,  and 
it  sc-cim  probable  that  the  original  excretor>-  opening  was 
far  forwards.  At  a  late  period  in  those  types  in  vhich  the 
pronephros  is  a  functional  hrvnl  organ,  but  inucli  earlier  in 
the  hiuher  Venebnita,  another  set  of  tuhules  are  diflerenti- 
Bted  from  the  mcsoblast,  nearer  the  posterior  end  of  the 
body,  and  acquiring  a  connection  with  the  segmental  or 
proncphric  duct,  constitute  the  mesontphros  or  mid  kidney. 
Below  the  Amniota  this  forms  the  permanent  excretory 
organ. 

In   higlier   forms   another   series  of  ncphridial  tubulea 


a-Kh. 


FlO.  147.— Tfantvcnc  (cclion  through  ■  V«rlcbnie 
Einhr>'o.    (After  Skhok.] 
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utMS  Still  further  back  In  the  body,  and  forms  the  mefit- 
ntphros,  or  permanent  kidney. 

In  each  case,  when  typically  developed,  the  tubules 
consist  (ii)  of  an  internal  ciliated  funnel  (nephrostoma) 
opening  into  the  body  cavity,  but  only  rarely  i»rsistcnt ; 
(^  of  a  dilatation  (Malpighian  body),  into  which  blood 
vessels  project ;  and  (<*)  of  a  coiled  lube  in  part  excretory',  in 
part  a  conducting  canal  for  the  waste  filtered  from  the  blood 


.:i\ 


^w-:^ 


m 

mi 


Excx£roA'y  sysnuf. 


4«l 


D 

a 


'A 


4te  STKUCrVKS  OF  VSKIEBKATA. 

The  segmental  or  proncphric  duct  on  each  side  ta,  ai 
any  rale  in  some  of  the  lower  Vertebrates,  divided  inio  two 
duct.t,  the  Miitlerian  duct  and  the  metonephric  or  WollGan 
duct.  In  the  AinnioU  the  ox\%\n  or  the  Miilterinn  duct 
is  still  somewhnt  objure  It  becomes  th«  gcniul  duct  or 
oviduct  of  the  female,  while  in  the  male  the  Wolflian  duct 
becomes  the  genital  duel  or  vas  deferens. 

The  ureters  or  ducii  from  the  persistent  functional 
kidnep  ate  either  the  ociginal  aidiinephric  or  se(;mental 
ducts  (<^.,  in  CycloMtuman),  or  the  U'olflian  ducts  (in 
Amphibians),  or  special  posterior  derivatioru  of  the  latter. 

Stifr«rtn«l  Baditt.  — Tfaoc  lue  found  in  moM  \'erietirala  ncu  (be 
leproduclive  orgMi  uul  Iddot;*.  StruclDnlly,  ocb  »tiowt  ■  lUttlnciloa 
into  a  corttn]  and  a  mediilkr^  lonr.  It  i«  nfmlly  i>Hcr(T<l  Ihal  llwBe 
iwo  u«u  haiT  a  diR«mi(  on|[in,  ihc  medullary  rrgion  beiog  derived 
from  Ihc  lympillictic  nnrovi  i)it«in,  th«  codex  from  the  pronephros. 
On  llic  other  hand,  tome  invetfipilor*  ccnuidcr  Itui  the  medulla  la 
dorivcil  from  mctamorpboted  corueal  mUl  Noi  u  Ihc  origin  of  (h« 
«MtioJ  pan  tiCTanil  ilitpiile,  fei  bjr  tome  ii  a  mhI  to  eri^nato  fram  k 
dcgCMntloQ  of  Ike  moat  anterior  portion  of  lh«  ccnnfanl  «fiillieliaini  or 
from  this  in  atMrtatloa  whit  ■  jwrt  of  the  pritaitlvc  kidncf. 

With  teprd  10  fuiKlion.  (here  it  cmt  mocc  uncerlBinly.  The  Mipn- 
tenol  bodta  are  lebliveljr  very  large  in  embryonic  tile,  bat  UI  la 
iMinttiB  iImu  primtlJTdjr  ru>id  rate  of  growth.  It  ha*  been  M^ggeMcd 
thai  ibtj  «Hi«  in  bteakinn  down  or  diapoung  lA  waaic  plgptcfil- 

Rt^odutth*  System. 

1'h«  ovaries  and  testes  are  developed  from  a  rid^C  formed 
by  a  part  of  the  epithelium  lining  the  abdomirud  cavity, 
this  ridge  constituting  the  so-called  germinal  epithelium. 

In  the  male,  the  prolifcmiing  genninal  epithelium  is 
divided  by  embryonic  connective  tissue  into  numerous 
follicles.  The  cells  of  the  follicles  form  seminal  mother 
cells,  which,  by  their  uliimatc  divisioits,  give  rise  to  »]>er- 
matoioa.  From  the  mesonephros,  tubules  grow  out  to  the 
cmlvyoiiic  testes  ;  these  fonn  the  collectinR  tubes  of  the 
organ  and  open  into  the  mcsonephric  duct,  the  va  deferens 
of  the  adult.  This  is  the  most  typical  Vertebrate  condition, 
but  is  not  universal.     {S<t  Table,  pa^  4$t.) 

In  the  femal^  the  ovary  ts  similarty  divided  up  into 
follicles.  In  this  case,  liowcver,  differentiation  tcts  in 
among  the  oricinally  equivalent  cdls  of  the  follicle.  One 
cell  in  each  follicle  is  more  successful  than  its  neighbours, 
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which  are  sacdficcd  to  form  a»  envelope  of  follicular  cells 
around  the  single  large  ovum  cell.  The  ova  are  u.tually 
shed  into  the  body  caviiy,  and  [Kw*  thence  to  tlic  tixlcnor 
by  the  Mullerion  ducts  or  oviducts. 

In  many  cmc*  bclwecn  the  felUcnUr  oelb  and  the  ovom  thctc  it  a 
membnuie,  the  conn  ntllau.  which  it  mvened  by  fine  peititUd,  In 
COEuequcncc,  hw  a  urixicl  aiiprarancc ;  other  qx  niemltnuw*,  more  or 
Icn  liuisilory  in  nuuft,  >Im  occur.  In  iho  lowi-c  WitrlirMn  the  layer 
of  (blliclc  nlU  ii  sinelc.  but  in  Manunali  it  in  iiiulliptr,  niiil  ■  qusnlily 
of  cttoi  iluid  nccmnuUta  liclw«n  the  cclU  ntiJ  llie  ovum.  Tbt  whole 
fomu  B  "  Oruiiin  (olliek,"  which  Imnti  when  the  ovnm  is  libenled. 

Before  fertiliuiion  btkct  place  the  orum  unclerfjoes  »  uroteH  of 
itMUuralloD,  iturinc  which  cxinuJon  of  polu  liodin  iy^voMf  occun; 
ihc  (ccbnicBl  (lilKcultin  in  ihc  wiy  of  the  deiinitc  ohMmtlion 
of  (hit  fact  arc,  hoifera,  often  very  fitwi.     The  ova  «re  (ritiliMil 

uuliide  llic  boily  in  Cyclwlomata, 
Ganoid*,  Tclcuileans,  Dipnoi,  and 
taillea  Amphibiani ;  inlcinally  in 
ihe  other  Vertcbraici. 

Hcmuphfodiiifm  occun  as  a 
eorinal  date  in  Tnnicaia,  most  of 
wliich  uro  liiit  functionally  female 
ami  then  male  (moioeynous)  i  in 
Myxim  (ci.  v.|,  w^ich  u  finrt  male 
and  then  female  (protandrom) ;  in 
Mtne  spccict  of  Ihe  Tcleoiican 
g^eni  i-krysofihryt  and  JiVnwnii, 
of  which  the  iaiiet  It  legululy 
helf-lciiilitinif  1  and  in  «  aolitary 
Kairachian.  Il  occur*  carnally  in 
tome  Selachians,  in  the  «luigron, 
in  about  a  «aic  of  TeleMteant. 
i.g,,  eod,  io  vaiiout  Amphibiani. 
and  more  mrd)'  in  Amniota. 
There  ire  alio  cmbiyoloineal  &cti 
which  kuggciit  tluu  (lie  cmb(}'(B  of  lii|;!iei  Veilclitatts  niH  UirOtieh  • 
itatc  of  hetmaiihrodliUm  bcForo  Ihc  unitcxiial  cnniliiiim  ia  raacMd. 
On  thiM  grounds  it  hM  ollrn  liccn  tuggnitcd  that  [h«  original  Vette- 
biale  aoiRuli  were  ticrniaplinxlile. 

The  quantity  of  yolk  pmeot  in  the  egg  variei  very  eicaily  in 
Vcrlehriicf,  and  itt  procnce  or  abience  exeidis  a  profaundinlluence 
upon  Ihc  pioc«»ca  at  derclopmenu  Following  Henwig  we  may  Datice 
thai  the  I'tcMticc  of  yolk  hat  Imih  a  ph)iiio1o|fical  and  a  morpholocical 
elfccl.  Khjrtriologieally,  the  prrtencc  o(  h  Hotc  of  nulrimcnl  enable* 
the  developmenial  ptoeon  Io  be  carried  on  unintcrtupledly,  and  thr 
period  of  independent  Iif<c  lo  be  poaiponed  until  more  or  lea*  complniiy 
of  ofEaniiation  has  been  Mtaincd.  Again,  morpholocically,  yolk  acta 
Bi  a  check  to  the  activity  of  the  protoplaim.  and  by  subatituting  an 
embryonic  modi:  of  nuiituon  for  thai  for  nhich  Ihe  adult  oripiniani  ii 


rid,  149. — Mammalian  Ovum. 
(After  Hkktwhi.1 

««v.  Ovum:  /.  fa[Ik.Mli'  tapsulc; 
/t..  Mlick  alU.  /.!..  follidc  olU 
(arvAnt  dlxui  |inillc>n»-.  /J.,  atrVef 
accti|Hbl  by  tiiiiw  foUiculi, 
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Htled.  tsiiki  to  prevnit  h  tjicccly  oubUAnant  <A  the  adsll  bmb 
When  much  jrolk  U  pietFOl  ii  uBuolly  fc>ini<  a  bunU-likc  )<ilk  ue,  htng- 
inj  down  iTcnn  the  embryunk  gill.  As  D  fuither  comcquoicif,  wQ  may 
notice  the  tendency  lo  ihc  |inKluc[H>n  of  «inb*vonic  aigans  ludiil  on^ 
iluhniE  cmbiynnk  life  \Vc  miMt  conndet  ihe  tornuLtim  of  u  otgRMO 
cnnneciion  between  mm  lief  and  unbom  )^uiu[  atd  funbet  itep  in  the 
Mine  ilireciion  m  (he  iici|uitlllon  of  yolk.  Tnli  U  hinted  aX  in  (Ome 
Kiihei  And  Renliln,  1«it  ciilminsiw  In  ihc  jiUccntal  Mamnutb.  It  majr 
be  looked  il  in  two  diRennt  wKyt.  On  Ihe  on*  hand.  Iha  tlivtnlon 
of  Ihe  noumhmerii  from  the  ovnif,  during  Ihe  period  of  untatioo. 
Icndi  In  >UuTc  the  remaining  iminin  ova,  and  thii  check  lo  TertiUtj 
i«  fuiilier  ptolonpd  dtiiing  laciaiion  (Kidril  :  on  the  Mber  hand,  the 
chance  of  lurvlval  \\  much  liic>eu«l,  and  the  nmlemal  Mcrificc  finds 
it* Juttilicalicin  in  the  incinAcl  iiKciallwiloD  of  the  offitprini;. 

la  Bccmdance  vrilh  the  HIret  n(  ihc  nrntriM  ol  yotk  aa  noltd  above, 
we  find  that  ii^menlntiun  t)  lolnl  (hotolilisllc)  in  ihe  ova  of  itie  la»- 
prej,  the  itutgeoii,  Ct'ii/oi/hj.  Amiihiliinni,  and  all  Mammals  except  the 
Monolfema.  In  the  ova  of  Efoimobranchi,  Tcleosicani,  Replilea, 
Blrdi,  and  Monotiemei.  (he  iciiviiy  of  ihc  protcrploiim  ii  not  nmcient 
to  oveicnmc  (he  inertia  of  (he  yolk,  and  tcgmentatloa  la  pkltiol 
(inciol)lai(ic). 

Similarly  wc  find  that  a  i^ruta  lo  fatinml,  in  pan  at  leul,  liy  dittinci 
invNCinalinn  in  ill'  drrclo|inicnt  of  ibi  lunjiicy,  the  i<tuix«on,  and 
Amphibian*  (reccndjr  ihe  ocoirrenec  of  inva^naiion  hu  b«en  deoiid  for 
the  tioK) :  il  it  more  moditicd  in  Telcoiteant  and  Elonnobriinchi,  whose 
ova  have  nioie  yolk  ;  it  it  much  diiguiteil  In  SauioptJda  saA  Maminalt. 

Most  Verlebralc&  lay  cg^n  \\\  wliidi  (he  yuuiig  are  hatched, 
snd  these  animab  are  uaiinll)'  called  «vtp,-miii.t,  thgugh 
all  animals  do  of  c»une  [iroducc  cggK.  In  some  sharks, 
a  few  Tclcostcans,  some  (ailed  Amphibinns,  a  few  liiards 
and  snakes,  the  young  arc  h.ttchcd  before  they  leave  the 
body  of  tlic  mother  animal.  To  such  the  awkward  Icrm 
ovo-viviparous  is  sometimes  applied,  but  ilicrc  is  no  real 
diNiinclion  between  Uiis  mode  of  birth  and  tlial  called 
ovi])aroiiK,  and  botli  may  occur  in  one  animal  (&;.,  in  lh« 
gnu»  make)  in  diflerent  condi(ion!t.  In  the  placental  Mam- 
mals, there  is  a  close  organie  connec(ion  bclwccn  the  unbom 
young  and  the  mother,  and  the  pdututition  in  this  case  is 
usually  called  nviparous.  Uut  this  term  is  also  objection- 
able, since  all  animals  are  in  a  sense  viviparous. 
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ISVK.  UARSIPOBKANCHtt,} 

The  hag  {.Vyxine),  the  lamptcy  {Peimmyton),  and  a  few 
others  like  thiMn.  arc  so  difTcrcnt  from  fishes  that  they  must 
be  ranked  in  3  distinct  class.  They  scera  to  represent  an 
oldrashioncd  type,  whose  interest  has  been  eniianced  by  tlie 
discovery  of  Paiaospnndylui  in  the  Old  Red  Sandstone 

Gf-MRXAI.  CilAKACrens,—  Unlika  all  hightr  Vtrti&rattt 
{GnatAottomala),  tht  Cydoifamata  hnt  round moufht wilhmdl 
distinetly  devtJ0p(4  jatM.  They  art  alto  xfilhtmt  pairtd  fint 
and  wilkMl  units.  Their  rnpinilory  tystem  amsiits  of 
6-7  pain  of  f^ill  pouthts,  lo  which  the  term  AfartipobrantA 
rtftn.  In  the  extant  forms  the  skeUlun  is  wAiflly  mrtilagitims, 
and  the  mriixhard  ptrsiits  unwmlricted.  The  ''  nostril "  is 
single,  thert  is  no  lympalkelit  nenxms  system,  no  tonus 
aritriosut,  no  pamrtas,  na  spleen,  and  the  tegmental  duet 
is  nnsplit. 

I'iKST  Tvps.     J/yxim — The  Hag. 

The  ((lutinous  hag  (Afyxine  g/nfinosa)  is  not  uncommon 
off  the  coast  of  Scotland,  N.  ILngland,  Scandinavia,  &c., 
living  in  the  mud  at  depths  of  40  lo  300  lathomic,  It  often 
lies  buiicd  with  only  the  nostril  proimding  from  Ihc  mini,  or 
it  may  swim  about  in  search  of  prey.  It  cats  the  bait  olTthc 
Bshcnnan's  long  lines,  and  it  also  enters  and  dcvoure  the 
cod,  &c.,  which  have  been  caught  on  the  hooks.  According 
to  lome  reports,  the  hag  al»ro  atLickx  free  swimming  fishes, 
boring  its  way  into  Ihem,  but  the  evidence  is  not 
satisfactory.  Mr.  J.  'I'.  Cunningham  discovered  that  the 
young  animals  arc  hcnnspbroditc,  confining  imtnature  ova 

30 


466  CYCLOSTOMATA. 

wmI  ripe  spcrmattxroo,  while  older  fomiti  produce  ova  onl)r, 
and  Nanscn  has  corrnbornlcd  thix.  Oi  ihe  development 
find  early-  history  nothing  is  known.  'Ilicy  are  »id  to 
spawn  in  late  autumn. 

Form. 

The  body  is  eel-like,  measuring  15-14  inches  in  the 
adutt.  There  ih  3  sliftht  median  fm  around  the  tail ; 
beside  the  mouth  and  neurits  are  four  pairs  of  barbules. 
1'hcrc  are  no  paired  fins. 

ThtSkin. 

The  skin  is  scaleless,  and  rich  in  goblet  cells,  which 
secrete  so  much  mucus  that  the  ancients  said  the  hag  "could 
turn  water  into  glue"  Besides  the  dilTuge  goblet  cells,  there 
is  a  double  row  or  glandular  pits  arranged  segmcntally  on 
each  side  or  the  ventral  surface  along  the  entire  length  of 
the  animaL     Each  opens  by  a  distinct  pore. 

Muiothr  System. 

The  muscle  segments  or  myomeres  are  to  some  extent 
uaceablc  Working  the  rasping  lecth  is  a  powerful 
muscular  structure,  sometimes  called  a  "  tongue." 

Tht  Sktlelim. 

The  skeleton  is  wholly  cartilaginous.  The  notodwrd 
persists  unscgmcnied  within  a  firm  sheath,  the  sItuU  ia  a 
simple  unroofed  trough,  jaws  are  not  distinctly  developed, 
there  is  only  a  hint  of  the  complicated  basket  work 
which  supports  the  gill  pouches  of  the  lamprey,  but  the 
tongue,  the  barbutes,  &t,  ate  supported  by  cartilaginous 
rods.  The  end  of  the  notodiord  in  the  tail  is  quite  straight 
(protocercal  or  diphy cereal). 

JVetvaus  System. 

The  brain  has  the  usual  parts,  but  is  small  and  simple.  It 
is  much  compressed,  with  practical  obliteration  of  ventricles, 
the  fore  brain  seems  to  agtee  with  that  of  Ganoids  and 
Tdeosteans  in  having  a  noii- nervous  roof.  The  spinal  cord 
is  somewlut  llatteneJ.  Throtighout  al  least  a  portion  of  the 
cord  there  are  two  dorsal  roots  for  each  ventral  root.     The 
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union  of  domtl  and  venlral  roots  is  only  pnrtial,  and  there 
is  no  symjiatheltc  system. 

The  eye  is  degenerate  {e./:.,  without  a  lens  or  iris),  and  H 
hidden  beneath  the  skin  ;  the  ear  has  only  one  semiciicular 
cana] ;  the  single  iia&al  sac  opens  dorsatly  at  the  apex  of 
the  head,  and  conimunicates  posli^orly  with  the  pharynx 
by  a  naso-|)atatinc  duct.  Thi;  nb-scncc  of  ]>igmcnt  and 
seiisiory  structure:*  iti  the  skin,  and  (he  degeneracy  of  the  eye 
may  be  associated  with  the  hag's  mode  of  life. 

Alimtntary  System. 

The  mouth  is  suctorial.     There  is  a  median  tooth  above, 

and  two  rows  of  teeth  arc   borne  on  each  side  of  the 

muscular  "longuc."     These  teeth  are  "horny,"  but  sharp. 

Idio  the  mouth,  just  in  front  of  a   fringed  velum  which 


Fic.  ijo.— Median  loDciiutliual  urciiun  ui  untciior  ciuj 
of  Myxine.    (Afttt  RaiziUS.) 

Sboirinc  lauliuln.  umI  )««■(«,  mauih  UTi(]r,  lioin. 

Kqiaratei  it  from  the  pharynx,  the  nasal  sac  opens.  Thus 
w,-tier  passes  from  the  nostril  into  the  pharynx.  It  may 
be,  as  Beard  suggests  tl^at  this  passage  is  a  persistent  "  old 
mouth."  From  the  gullet  open  six  respiratory  pouches, 
each  of  which  has  an  efferent  tube,  but  the  six  elTerent 
tubes  of  each  side  unite  and  liave  a  common  exhalent 
orifice.  The  gut  is  straight  and  uniform,  wiih  longitudinal 
ridges  internally,  with  a  tvO'Iobed  liver  and  a  gall  bladder, 
but  without  the  usual  pancreas. 

Rapiratory  SysUm. 

\S''ater  enters  by  the  nasal  sac,  po-iies  into  the  phnrj'nx, 
down  the  gullet,  into  the  six  pairs  of  respiratory  pouches, 
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out  by  tbdr  cfl«rent  tubes  nt  at  singk  aperture  on  each  side 
The  respjnitory  pouches  have  mudt  plaited  inicrnal  walls, 
on  which  the  Uood  vessels  are  spread  out.  On  the  left  side^ 
behind  the  sixth  pouch,  a  tube  opens  from  the  cesophagua 
to  the  cxhaleni  aperture. 

yattuiar  Syitrm. 

The  blood  contains  nucleated  red  cofpusdes.  It  is 
colkctcd  from  the  l>ody  in  anteriot  and  posterior  cardinals, 
passes  through  a  sinus  venotus 
into  the  auricle  of  U>c  heart, 
thence  to  the  ventricle,  thence 
along  a  ventral  aort^i  which 
gives  off  arehcs  to  the  r<.-spira- 
lory  pouches.  From  these  the 
purilicd  blood  passes  dorsal- 
wards  in  efferent  braivdiuU 
vessels,  which  unite  posieriorty 
to  form  ttK  doreol  aorta, 
while  from  the  most  anterior 
a  branch  goes  to  the  head. 


Fi<i.  151.— EU«(>lni<iry  Sj»- 
l«n  of  Hag.  hon  ventral  sur- 
face. 

ukJcM  I.W  o<  ini  (Si  pMcfc,  nto- 
!■«  wiiL  IboH  fna  lb*  Mbir  turn 
',  *J>.  Mtntit  wwun :  It, 
:<(lkwt;  r-&,  namlanu. 


•tauidc 


£xtrtt9n  System. 

The  segmental  or  aiehi- 
oqihric  ducts  remain  luuplit, 
and  the  kidney  or  nephridial 
system  is  represented  liy  a 
series  of  small  segmental 
tubules  aiuched  to  the  ducts. 
The  pronephros  or  fore  kid- 
ney persists,  afut  from  the 
fimcdonal  mesonephros,  in  a  degenerate  sUte  on  each  side 
of  the  pericardium.  The  tegmental  ducts  are  said  to  eitd 
much  in  the  same  way  as  they  do  in  the  lamprey. 

X^ndmfrvt  Sytltm. 
Myxine  is  a  protandrtMi*  bermai^irodite,  spermaioeoa 
being  formed  at  an  eari^  period,  and  ova  afterwards.  The 
reproductii-e  organ  is  simple,  unpaired,  ar>d  moored  by  a 
median  dorsal  mesentciT.  Owing  to  the  large  die  of  the 
ova,  the  ovary  is  veiy  conspicuous  in  full  growa  fonns. 
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^Vhen  the  ova  are  freed  from  the  ovary  ihey  pais  into  the 
bod)-  cavity.  Each  ha*  an  oval  homy  case,  with  a  circlet 
of  knobbed  processes  at  each  end.  By  these  they  become 
entangled  logrthcr.  There  arc  no  genital  ducts,  and  the 
expulsion  of  [he  products  requires  [o  be  investigated.  The 
development  is  &titl  unknown. 

Boiciei  Myxiitt  gltttinasa.  !»o  oiher  ■£«'«  arc  known,  one  from 

Jnfan,  another  from  the  Mjecllan  Stmili.  Tht  gcniw  Jidilhslema,  hraa 
Southern  tc&>  (olT  ihr  Ci|>i'  •>{  Goml  llnpr,  &<;.),  ii  nearly  Allitd  :  itliM 
Ax  or  more  |;ili  iKiiicliei  oliloli  open  a|uci  from  unc  mother. 


Seconu  Type  ov  Cvclostomata. 
Ptiromyton — The  Lamprey. 

There  are  three  British  species,  the  sea  iamprty  {/'tlrt>- 
mnon  marinus)  over  three  feet  in  length,  the  river  lampem 
(p.  fluviatilii)  nearly  two  feel  long,  and  the  small  lampcrn 
or  "  sione^rig  "  {P.  branckiatis  or  planeri).  They  cat 
(vonns,  small  c^u^lacean!t,  insect  larvie,  dead  animals,  &C., 
but  they  also  fix  themselves  to  living  fishes  and  scrape 
holes  in  their  skin.  As  their  names  sugge'St,  they  al.so  fix 
their  mouths  to  stones,  and  some  draw  these  together  into 
nests. 

The  spawning  takes  place  in  spring,  usually  far  up  rivers. 
Before  laying  the  eggs,  the  lamprey  seems  to  fast  (cf. 
salmon,  Prutiftemt,  frog),  and  its  muscles  undergo  a 
granular  degL-ncratiun  (cf.  ProtopitrMi,  tadpole,  &c,).  Soon 
after  spawning  the  adultii  of  Ixrth  itexes  die.  For  reproduc- 
tion is  often  the  beginning  of  death  as  well  as  of  life— 
though  in  higher  animals  the  nemesis  is  often  slow.  The 
young  arc  in  many  ways  unlike  the  parents,  and  after  two 
years  or  three  years  pass  through  a  metamorphosis.  To 
the  larwe  before  metamorphosis  the  old  name  Ammtxaltt 
is  often  a])plied. 

The  body  is  eel-like,  with  two  unpaired  dorsal  fins, 
and  another  round  the  tail.  Two  ridgea,  one  on  each 
side  of  the  anus,  Dohm  compares  to  rudimentary  pelvic 
fins.     Otherwise  there  is  no  trace  of  limbs. 
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The  Skin. 

The  skin  is  scaldcss,  stimy,  and  [>i|;mentc<l.  Its  structure, 
lilcc  that  or  Myxiw,  is  complex.  Sensory  structures  occur 
on  ihe  huid  and  along  ihc  sides. 

Afusnthr  System, 
The  muscle  segments  are  well  marked.    The  suctorial 
moatlt  and  the  rasping  '■  tongue  "  arc  ver>'  musciibr. 

Thi  SifMcif. 
The  skeleton  is  nholly  cartilaginous.  The  notochord 
penists  unsegnienlcd,  but  its  firm  sheath  forms  rudimentary 
neural  aichi-s.  Thu  skull  is  imperfectly  roofed.  I'liere  are 
no  distinct  jaws,  but  a  carl i tag inoiix  ring  supports  the  lips  of 
the  mouth.  There  b  a  complex  tutskct  work  aruoind  Ihc 
gill  poncho,  and  it  is  likely  thai  iis  rk-mcnls  correspond  to 
visceral  arches.  I-'in  ra)-s  support  ihc  dorsal  nnd  caudal  lins, 
and  other  skeletal  parts  occur  about  the  "tongue."  The 
Gtudal  end  ot  the  notochord  is  <]uiic  stratghL 

Ntrvoui  SytUm. 

T1>c  brain  has  the  usual  iMits,  but  is  small  and  simple ; 
the  roof  of  the  fore  brain  is  compoaed  of  non-nervous 
epidtelUim ;  there  is  a  distinct  pineal  body ;  tlic  oral  part  of 
the  hypophysis  is  develo[)e«l  from  in  front  of  the  mouth,  in 
dose  connection  with  the  involution  of  epiblasi  which 
forms  the  nostril.  The  spinal  cord  is  flattened  ;  the  anterior 
and  posleiior  roots  of  the  spinal  nerves  do  not  unite ;  there 
b  no  sympathetic  system. 

Tliough  ihe  larva  sometimes  receives  the  name  of  "  nine- 
eyca" — which  exi>remri  a  jtopular  otimate  of  the  branchial 
apcrlures— it  is  lilind,  for  the  eyes  are  rudimenLiry  and 
hl(Mcn.  In  Ihe  ndull  ihcy  rise  to  the  surface,  aivd  are  fairly 
well  dcvclo]x-d.  'Wtv  c*t  luis  only  two  semicircular  canals 
instead  uf  tlw:  usiuil  (hrt-e.  llic  single  rusal  sac  docs  not 
open  |ioMeriorly  into  the  mouth  as  it  dues  in  Afy.xiiu; 
tbough  proluntted  tiackwnrds  it  ends  blindly.  lis  external 
opcnmg  is  at  (trsi  ventral,  hut  Is  shunted  donally. 

Alinunlary  System. 
The  oral  ftmnel,  at  ihc  base  of  which  the  mouth  lies, 
numerous  Iwmy  teeth.      It  is  applied  to  the  lamprey's 
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victiai,  and  adheres  like  a  vacuum  sucker ;  the  toothed 
"  tongue  "  works  like  a  piston ;  boili  Hesh  and  blood  are 
thus  obtained.  From  the  floor  of  the  pharynx  a  groove  fs 
convlricled  off  (cf.  p.  450). 

From  the  gullet  of  the  young  Inrva  seven  gill  poucJics 
open  directly  to  the  exterior ;  but  in  the  adult  this  larval 
gutlci  becomes  wholly  a  respiratory  tube.  It  is  closed 
posteriorly,  and  opens  anteriorly  into  the  guUel  of  the  adult, 
which  is  a  new  structure.  At  the  junction  of  the  re- 
spiratory tube  with  tlie  gullet  of  the  adult,  lie  two  flaps 
or  vela. 

The  test  of  the  gut  is  straight  and  simple,  with  a  single- 
lobed  liver,  but  without  a  pancretta.    There  is  a  dight  fold 
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in  the  intestine,  which  may  be  compared  with   the  spiral 
valve  of  Elasmobranchs. 


Rtsftiratoij  Syttem. 

Seven  gill  pouches  with  plaited  walls  open  directly  to  the 
exterior  on  each  side,  and  communicate  indirectly  with  the 
gullet  as  already  described. 

When  the  lainprey  is  sucking  a  victim,  and  perhaps  at 
other  times,  water  passes  in  as  well  as  out  by  the  external 
openings  of  the  gill  pouches.  In  the  larva  there  is  an  eighth 
most  anterior  pouch  which  does  not  open  to  the  surface.  It 
corresponds  to  the  spiracle  of  Elasmobranchs. 
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Vatatlar  System. 

The  vascular  sfstcm  is  essentially  the  ume  as  in  the 
hag.  The  red  blood  cclU  are  biconcave,  drcuiar,  nucleated 
discs. 

Excrelory  System. 

There  are  iwo  dongnti^d  kidneys  (mesonephros),  eadi 
with  a  wide  ureter.  The  ureicrs  open  icrminalty  into  a 
urinogciiital  sinus,  the  external  aperture  of  which  lies  liehiad 
the  anus  and  in  the  same  depression. 

Rfproduilive  SytUnt. 

nie  sexes  are  separate.  The  reproductive  organ  is 
elongated,  unfiaircd,  and  moored  hy  a  median  dorsal 
mesentery.  There  ate  no  gcniul  duct*.  The  ova  and 
spcnnatoioa  are  liberated  inio  the  tmdy  cavity,  and  teem 
lo  pass  by  two  pores  into  (he  urinogcnilal  sinus,  and  thence 
to  the  exterior.  In  the  male  there  is  an  cjaculalory  stnicturCt 
Of  .10-called  "  penis,"  There  arc  many  more  males  than 
females. 

/\7.'/ltffifittit  a/ P.  fitoHrri, — In  Uic  ripe  ovum,  which  h»»  a  coniJilet- 
■bk'  i{uHiiiily  nf  yolk,  (he  nuclear  tulslancc  of  ihc  i;crni!n«l  vnlcU  U 
Mponileil  like  «  cii|>«nhe  "•nimil  pole"  forming  the  wi-nllnl  "pole 
plism.-i."  Oiit»i(k'  of  ihii  it  *  dor  cupolk,  whkli  iicrv«nl  (penratou* 
may  tata.  thougli  only  one  really  p«i«tiit«  into  (he  eigg.  After  ■ 
(pemmlouoon  hui  iKgiin  lo  make  in  waj-  iiiwa.t<l^  iwo  poUt  bodies  mc 
lonnetl.  The  demcnis  of  ibe  ipeno  tiuclciu  eambine  u  atUAl  in  an  bti- 
Ttiaxt  rnanncf  «'iih  ihote  of  ihc  reduced  nueleiu  nf  the  oium.  and  «  teg;- 
menlation  nuciciii  1'  fonncd  about  three  houn  after  (crtilluiliDn. 

S«EmeDtalion  1)  local,  bul  »l4;hily  unci|iui1  oH'iii);  lo  (he  yolk  ;  a 
titoitopberr  results  which  U  intKgiiutoil  inlo  a  gxwrulg.  The  blaitu- 
pore  or  manth  of  the  gultula  peniils  an  lh«  auu)  of  the  tuiimal.  and 
there  \i  no  tieurent«rii:  canaL 

The  formstion  of  ihc  cenml  nervous  system  it  peculiar,  for  the  ride* 
nf  ihc  epiblotlk  infolding  lerooin  io  coulocl  inilead  of  foRniog  an  apea 
mrdultary  canitl. 

Ill  Ihc  hcMi^l  ir^ion.  where  ihc  cut  it  niit  lurroundtil  tiyyolk  ccUi,  the 
mesolilul  it  fiiiuiii!  bciin  hatlow  (oldh  In  "  enlcroecelic  "  fiuhinn :  but  in 
the  trunk  region  the  ciiahiont  of  hrpoblutic  yolk  cells  chaiuiejentlually 
into  mesobloil.  and  acquire  a  nclome  cavity  in  *"  tchiKKa-^  tuhwa. 
Thni  the  two  main  wap  in  which  ■  bodjr  cavity  arim.  Id)  from  (xclomc 
pouche*  of  Ihc  aichenteton.  ( J)  ftDin  a  »p1i(ting  of  ulid  <nc«ib1u.i  nidi, 
nienti,  arc  hwe  comHned. 

The  lime  Ikih-ccii  fcnilxtation  and  the  lutlchin|'  of  the  kuva,  or 
Ammcndei,  varict  with  the  leinMralura,  being  tcvcnlMn  days  in  North 
CcmiBny.  bnl  only  right  at  Najue*. 
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Th«  UrvK  lire  waIIowIiw  in  the  nncj  or  cnud  of  tlminu,  uid  iecA  on 
minute  unimali.  Thotc  of/'./JiNwnara  w  unliki  the  adulli  dial  Ihcy 
wcic  once  referred  to  a  diituict  B'niu  AmmentM.  uid  Ihnigh  a  Sttiuf' 
bufg  li«hcnn>ii,  Baldnet,  ii  raid  to  hai'c  diicovctrd  iheir  true  iininte 
uliuut  Joo  jetn  ago.  the  Inct  wot  ovcilcM>kcd  unlil  Au)^i<  MiLllcr 
Inccl  the  mciamorphoiU  in  1S56.  In  Ihc  small  tivnipcm  ibc  chan« 
to  \he  ulull  ttale  is  tomclime*  poiilpoiietl  utitil  the  autumn  of  (he  fourth 
or  fifih  jear,  when  il  complcle«  ittdf  lapitlly.  Lcm  ii  kmiwo  Blujut  Ihc 
mctaniorphoalt  of  Ihr  other  spedo. 

In  the  AntmfttU!.  or  larva  before  metamoTiihiBu,  the  head  i>  miall ; 
the  donal  ftn  is  continuoui,  the  umwt  Up  11  lemicircular,  the  lower  ligi 
!«  mall  and  Hinrsie  :  the  moulh  it  toolhlesi  and  not  luctorial  1  the 
brsin  ia  long  mil  narrow  :  the  eyes  are  half  made  and  hidden  benaifa 
the  ikin ;  Ihc  future  |;ull*l,  at  dj»iinf;ul»hcd  ftoto  the  teapiiaiorjr  lube, 
is  not  yet  devc|ij)>cd. 

Lamprryft  ate  diUributed  in  tlic  riten  anil  «eu  of  north  and  louth 
tempe>»le  regions.  They  arc  often  used  aa  food.  Beiidei  Fitrtmyttm 
there  are  leveral  reUted  noera,  t.s->  AUrdatia  and  Gftlria,  from  the 
coMti  of  Chili  and  Auiuolia,  and  MllijiamjrttH,  from  the  w»1  cotul  of 
N.  AmerieB.  Certain  Wniclureiealleil  "  conoilonU  "  from  very  andeni 
(Silurian]  Mrala  have  been  intorptexd  lU  loelti  of  lamptcys  of  higt. 


CvetxwroMATA. 

Hac  (.l/rn'iH).  I.ANrRKT  {PHromyum), 


Excluiivcly  Riarinck 

The  lin  it  conJSned  to  the  tail. 

Numeroiu  larvn  Kl'>ndi  in  the 
eoniplr.1.  ktimy  uin, 

Moulh  wilb  barbulei.  no  llp>.  few 
leelh. 

Skull  wiLbout  any  roof. 
SkrlMol  lyttem   leu   developed 
lian  in  the  lamprey. 

Eye*  hidden  and  niilimenlory. 

Ear  with  one  temlcircular  canal. 
Nojul  Mc  open)  posteriorly  into 
the  pharynx. 

SU  pair*  of  Kill  pouchis,  opening 
dirccliy  Into  the  gullet,  loi  directly 
to  the  olrrior. 

Longitudinal  ridfc*  in  the  intes- 
tine. 

Ova  laree  and  oval,  with  oltoclv- 
Ing  ihrtoiu. 
(Development  unknown). 


In  riven  and  hiu. 

Two  unpahtd  donal  fini. 

Scnaoiy  itruclUTet  in  the  complex, 
slimy.  piBmented  skin. 

No  borbule*.  but  llpi,  and  mtuiy 
Irvlh. 

Skull  very  imperfMily  roiled. 
Hinlaofvertrtnal  arche*. 
Cartdoginoui  boskri  work  Bimwd 
gUUponehet. 

Eys  hidden  and  retarded  in  the 
l.-irvi.ripoiedandconipletrin.-iduh 
tju  with  IHO  temlcircuUr  canaU. 
Nual  ue  endt  blinilly. 


Seven  pain  of  pll  pouchea,  open- 
ing directly  to  the  exterior,  lot 
directly  into  the  adult  giillet, 

A  kliEhl  >|»ral  fold  in  the  intatine. 


Ova  mhoII  uid  »phericaL 
Development  with  metnmorphotil. 


CYCLOSTVMATA. 


described  * 


r 

I  Palacspondyhis  gunm. 

I  Under  this  tide,  Dr.  Tnuiuair  has  recently 

remarkable  fossil  form  from 
the  Old  Red  Sandstone  of 
Caithness.  He  &pcaks  of  ii 
OS  a  "slrange  relic  of  early 
vertebrale  Ufe." 

It  tit  a  dainty  little  creature, 
soniewhal  Uidpolc-likc  3t  finl 
sight,  usually  under  an  inch  in 
length.  The  following  ihai- 
aclers  point  strongly  to  its 
af&niiics  with  CycloHomaia: — 

(■■)  "The  ),kuU  li  >pp«rentl) 
formed  of  Mlci^cd  c»iil>i;e,  ami 
devoid  of  ditcielL-  iM^lfiotioiit.'* 
An  ama'iot  ptrt  it  coinfointilc  to 
tile  trabecalar  in<l  palatal  (vgion  of 
a  Uinpity'i  skuti ;  a  poitcriar  put 
ii  CDiii|uril>1c  lo  Ihc  pOndiiHilBl 
region  ind  auditory  opnilcL 

(2.)  "  There  li  «  meillAn  i^min|c 
01  lix^,  uiirounilrvt  wiih  ciiti  and 
pmtiniHlily  iiaial,  in  the  front  of  the 
Mad  "  (w,  rig,  (53). 

(3.1  "There  are  neither  jaws  nor 
limtB." 

(4.)  "  The  r«y»  which  Mippon  Ih* 
cauclal  fiti  cxciin<'icia,  apuuently 
ipriii|;iii|;  rruni  the  nturtJ  and  h«nial 
tLTchc-t.  uie  didiutumued  (■(  loui 
the  neiiml  onn).  u  uc  ihc  torre- 
tponding  rods  in  the  Ulnprcy." 

Iuti  behind  Ihc  head  lie  Iho snail 
ong  pUtei  U-,  I'Tg.  isjl,  eio»cly 
apposed  la  the  CDmiiienccineiit  of 
the  i-ciicbril  column,  one  un  nth 
aide.  The  notochonl&l  theath  ii 
cslclAcd  In  the  lurm  ol  ringshipcd 
or  huilnw  vniohtal  oentn  with 
neural  aichca.     Towatila  the  I&IL, 

the  ardia  are  prodoeed  Into  alendet  neutnl  ipinea,  uppiNhc  which 
ue  sha«1«r  hmaal  mvea. 


Fio.  153.— Ralond  ikckton 
of     Palxospondylui.        (After 

TRAgDAIK.} 

iLi.,  eirri  (if  'Tun^i  ouuf  in ;  l.t.. 
\(sbi  Ijtlcn]  cJRi ;  f-c-,  cini  at  vtnlnl 
nutfin:  ■.,  nual  rlnj  ;  1^.,  wufkl 
(nbccuTiiMluiiuiwKil'cmilum:  t., 
anitrW  ovprviuan  at  finvim;  ^1 
peturiat  tfyrion  er  fdincn;  a., 
late  divWtd  oil  bum  •ouHcit  ^an : 
/4b.  peMmor  or  paacbofdii  pan  m 
cnniuin ;  .1.,  po*t  ocdpllal  fltlrt. 
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CHAPTER    XXIL 

CLASS   PISCES — nSHES. 

Ordet  ^— BmuwI— eifl  «  SthAa.  iiiiilnliiwi  tisbtt  «/ •  Umu* 
and  ihufci.  WUi  tbcw  a^  periiap*  be  taalwd  lh« 
lloloccplMS  (CM»Td  uul  Ci/^r'<(>wiu.) 

3. — Guioidd,  Mch  m  itiagivu  iA<i/imtir)  and  hoar  pike 
(ZijiiiligllnH] ;  —■qni  nliact  goom.  OBlji  >eVM 
cxUnt 

3. — TdocMci,  boMy  fohcj,  wath  ■*  eod,  benini:,  tdaon, 
flooddci,  ccL 

4.— Dlpool,  mwd  UtM  :  CtnttJmi,  Pmtftma,  Lefid^irm. 

The  l>ipooi,  or  double  hrcalhen,  are  id  dutuxt  tkit  wrac  iiouM  re- 
move them  from  uuong  Flthts.  and  place  iben  at  m  indepeodcnl  cluk 
beiwTCTi  Mshctanil  Amptiiliuicit. 

Fishes  form  die  Tirst  markedly  succcssrul  class  of  Vcne- 
bntei.  Foe  while  the  Tuni<;ates  arc  numerous,  most  of 
lliem  are  tJ<:g(;ni:ratc ;  the  level  attained  by  the  lancelet  is 
represcniird  liy,  at  most,  two  or  three  closely  related  |^nera ; 
and  the  Cyclostomau  arc  few  in  number  and  partuilly  re- 
trogressive. 

In  the  possession  of  a  Vertcbtate  axis  »nd  central  nc/voux 
system,  in  the  [;t:tieral  integration  of  their  structure,  and  in 
their  Kreat  fecundity.  Fishes  have  an  easy  pic-eininencc  over 
their  Invertebrate  inferiors.  As  successfully  adapted  forms 
— with  t>"iHoilIy  wedgr-like  bodiet,  supple  muscular  tails, 
fin-like  limbs,  and  the  like — the)'  may  well  compare  with 
Birds  in  ihcir  maslcrj'  of  the  medium  in  which  ihcy  live. 

'I'lieir  success  may  be  read  in  the  immense  number  uf  iit- 
dividuals,  species,  and  genera,  not  only  now  but  in  ihi;  past ; 
in  the  geolo){ieal  record  which  shows  how  the  caiiilaf'inoua 
Elasmobninchs  ha\'c  persisted  strongly  from  iiilurian  ages, 
or  how  the  myeterious  decadence  of  the  Ganoid  order  hai 
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been  Tollowcd  by  a  yet  richer  prcdorutnanoc  of  the  modem 
Bony  Fishes ;  and,  furtbcnnore,  in  the  plasticity  with  which 
many  types  appear  (o  have  assumed  particular  speculisations, 
such  as  thai  evolution  of  lui^s  which,  in  tlie  double  breath- 
ing Dipnoi,  prophesies  the  epoch-making  transition  Crom 
water  to  terra  firma. 

Grkkrai.  Ciiaxacters. — Fishis  art  aquatk  VtrlibraUt, 
bnalhiiig  <*/  gilh  atlatktd  to  b&ny  or  gristly  arthti  on  tht 
tidts  e/  tht  fAar^Hgfa/  gill  tlefts.  In  Dipnti.  a  timglt  or 
douhit  outgrowth  from  the  pit— the  air-  or  fwim-bladdtr — 
fuHftiom  as  a  lung,  air  Mug  inspired  at  the  mrfaee  of  tht 
water.  In  Ganoids  and  in  most  Teleotteans  tht  sanu 
strudnrt  is  present,  hut  though  DMtsiona/lj  of  somt  sHght 
usefulness  in  respiration,  usually  serves  as  a  hydrostatie 
organ. 

Two  pairs  ff  limbs,  in  the  form  of  fins,  art  usually  prtsenl, 
and  then  art  also  unpaired  median  fins,  supported  iy  fit- 
rays.  Thert  art  two  i^at  types  of  paired  fin.  In  JXpnoi, 
and  in  lomt  txUntl  forms,  fht  fin  has  a  antral  tegmnted 
axis,  whieh  (t.g.,  Cmtodus)  6fan  on  eath  side  a  stries  of 
radial  ptttes.  In  ether  fishes  tht  radials  divergt  outwards 
from  stvtrat  bastil ptttts,  and  there  is  no  mtdiou  axis. 

Tht  tkiu  usually  bears  numerous  stales,  in  great  part  due 
to  tht  dermis,  hut  covered  by  a  layer  of  epidermis,  whith  may 
produce  enamel  They  vary  greatfy  in  form  and  texture,  art 
suppressed  in  etls  and  tltttrie  fishes,  and  rudimtntarr  in  souu 
Other  forms.  Numerous  glandular  tells  oteur  in  the  shin, 
hut  these  are  not  tompaeted  into  mullieellnlar  glands,  tJecepf 
in  Dipnoi  and  a  few  poisonous  fiihts.  Tht  skin  also  hears 
sensory  strutturei,  usually  aggrtgaltd  on  the  head,  and 
arranged  in  one  or  more  '*  lateral  lines  "  along  tht  trunk. 
Thtrt  are  no  muscular  elemtnts  in  the  dermis  or  tutis. 

In  many  the  gut  ends  in  a  cloaea,  or  a  distinet  anus  may 
lie  in  front  of  the  genital  and  urinary  aperture,  or  apertures. 

The  heart  is  ttoo-ehambered,  and  toutains  only  venous 
blood,  exeept  iu  the  Dipnoi,  where  it  shows  hints  ^  bttomiug 
three-ihambered  and  rettives  purt  blood  from  the  lungs  as 
well  as  impure  blood  from  the  body.  Apart  from  tht  Dipnoi, 
the  heart  has  a  single  auriile,  rettiving  impure  blood  from 
the  body,  and  a  ventricle  which  drives  this  through  a  ventral 
aorta  to  the  gills,  whence   the  purified  blond  flows  to  the 
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kmdami  fy  a  4irt*i  *aHa  li>  tkt  body.    In  aUithn  la  tht 

fttw  ftsmtiiil  (kamha^  of  the  ktart.  Iktrt  is  a  Hmus  vtnfiMS, 
tvMifli  stmt  as  a  partk  to  Iht  tiuriclt,  and  there  h  often  a 
muiotiar  eamts  arttriams  in  frvnt  of  the  ventrieii,  (W  a  bnttus 
•srleriaais  at  lit  ictt  t^  thi  vtnlwal  aorta.  Exeefl  in  Dipnaiy 
there  is  mi  vein  whicA  txaOfjr  corresponds  to  what  is  known 
in  all  higher  ferlttmlts  as  lie  inferior  vena  (ova,  Lc,  a 
single  Dctul  which  reeeiva  kepatie  vans  from  the  Hvtr,  mal 
wins  from  lie  kidneys,  ana  alktr  veins  from  the  fastrritr 

There  is  na  distiiut  indication  of  an  onlgrvwlh  fram  th* 
hind  end  tf  tht  gnl  eomparahie  to  that  which  forms  the 
tiadder  of  Am^hAiams  or  the  aiiantois  e/ higher  Verltbrates. 

Maa fishes  ley  egp  wkiek  are  ftrlilssed  in  Ike  wttter. 

Km  tjpt  of  FtsBBS.    The  Skate  (Itafa)—o(  tbc  order 
EbsinobranchiL 

VaricMs  qiccics  of  /(aja—ihe  grey  skate  (Jt.  ^tis%  the 
thornluck  {R.  elavata),  and  the  ray  (R.  maculala) — ue 
oonnmn  off  ihc  coast  of  Britain.  They  are  companilivdy 
shiggish  but  very  vorackius  Tishei,  and  live  along  the  bottom 
at  consideiaUe  dqiEhii. 

fvrm. 

The  bo<ly  is  flattened  from  aborc  doirowards  or  dorso- 
ventraUy,  unlike  that  of  the  bony  flat  fisbcs,  Kuch  a£  plaice 
and  floumler,  which  are  lUtttsicd  from  side  to  »i<lc  The 
•kaic  rests  or  its  ventral  surdce,  the  flounder  on  its  side. 
The  triancular  xnout,  the  broad  pectoral  fin^  th«  long  tail 
with  small  unpaired  fins,  are  obvious  fcature:t.  On  the 
donal  surface  the  skin  is  pigmented  and  studded  with 
pharid  scales  or  skin  teeth ;  on  the  top  of  the  skull  there 
are  two  unroofed  areas  or  fonianelles ;  there  arc  numcroua 
jointed  radials  in  the  peaoral  fin*.  Behind  the  Udlcw  eyes 
are  the  spiracles— the  first  of  the  obviowagill  slits.  <ypa>m% 
dorsally,  containing  a  rtidimenLiry  gill,  and  communicating 
posteriorly  with  the  mouth  cavity.  On  the  ventral  «n»«^ 
ate  iccn  the  sensory  inutous  canals  c«c»ding  over  the  A\n, 
(be  inuttvcfsc  mouth  and  the  nostrils  jncomptetely  scparaiea 
therefrom  as  if  in  double  hate  lip,  the  fi»-e  [»!«,'>'«]" 
apmurcs,  the  cloacal  aperture  and   two  abdominal  pores 
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beside  it.  We  may  feel  the  pectoral  and  pelvic  girdles 
su[>i)0rting  the  fore  and  hind  fins.  In  the  nale,  the  Istter 
are  in  jMrt  modified  into  copuUtor)-  *'  claspere." 

The  Skin. 

On  the  dorsal  pigmented  surface,  embedded  in  the  dermia, 
thcri:  nre  mnny  "  skin  teeth,"  or  "  demud  dentides,"  or 
"  placoid  sciles."  Each  is  based  in  bone,  cored  with 
dentine  or  ivory,  tipped  with  cnnmcl,  the  latter  licing  dtic 
to  the  ectoderm  (epidermis),  the  rest  to  the  mesod<.-nii 
(dermis  or  cutis)  of  the  skin,  the  whole  sneing  as  a  skin 
[lapilla.  On  the  ventral  unpigmented  surface  arc  numerous 
mui:u«  canals  ur  jelly  tubes,  ending  in  ampullae.  These 
arc  also  present  on  the  doml  aspect,  especially  alwut  the 
head  Thty  have  a  sensory  function.  Most  of  the  slime 
which  exudes  on  the  surface  comes  from  glandubr  goblet 
cells  in  the  epidermis. 

Muscular  System, 

In  the  posterior  part  of  the  body  and  in  the  tail,  the 
sc^^nenul  arrangement  of  the  muscles  may  be  recognised. 
The  large  muscles  whirh  work  the  jaws  are  notewonhjr. 
Professor  Cossar  Hwarl  has  described  a  rudimentary  electnc 
organ  in  the  tail  region  of  /(a/tt  ^atis  and  R.  e/iivala, 
apparently  too  incipient  lo  be  of  any  use. 

EJecttic  Otsaiu  ue  b«ti  developed  In  two  Tclcotienn  fuhe* — ■  S> 
AmcricMi  «et  {Cymmtiu)  and  ao  MAean  Siluiotd  {Maiafttmrmi},  and 
in  Ihe  Elaunuhnncli  Terfnh.  In  Cyiteltii  ihey  Ii«  venlrally  along 
the  iiul,  in  M^af*ttvtui  Om^  extend  lu  a  aliaUh  anmnd  the  ocAy,  in 
Tarftth  they  lie  on  e»ch  dde  of  the  head,  between  ihe  gilUaodthe 
anieiicA  fux  at  ihe  jpecloral  lio.  In  other  ouo  whcic  ihc}'  aic  ilichtly 
dcvelopeil.  both  in  Elaini(ib<anchi  and  Telcoklcank.  ihey  be  in  the  lalC 
Scparaiol  from  one  uiol her  l>yc>inncciivrli«ur|>aiiiii<iiii>,  ate  numorou* 
"electric  [dala."  which  eontiti  i>r  *lnui^oly  iDodiAad  muide  tutBlaiic* 
■nd  numerom  nerve  endlngt.  The  dectric  diwlvufe  is  very  diaiinci  in 
the  three  lonns  noted  above,  and  is  conlrolltd  in  «ome  meomre  ■!  leatt 
by  the  animil. 

Tfu  Shltlon. 

The  skeleton  is  for  the  most  part  cartilaginous,  but  here 
and  there  ossification  has  taken  place,  as  a  crust  m-er  many 
parts,  but  more  deeply  in  the  t'enebral  bodies,  in  tlte  teeth, 
'he  tooth-like  scales. 
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The  vertebra]  column  consists  of  an  anterior  plalc  not 
divided  into  vcncbrx,  and  of  a  posterior  scries  of  distinct 
vertebral  bodies.  Each  of  these  has  a  biconcave  or 
Junphicceious  centrum.  From  each  side  of  the  centnim  a 
tmnnrene  process  projects  Imckwards,  and  bears  r  minute 
hint  of  a  rib,  I'rom  ibc  dorsal  surface  of  each  centrum  rise 
two  neural  processes,  which  arch  upwards  on  each  side  of  the 
spinal  cord ;  the  arch  is  continued  upwards  in  intcr-ncural 
plates  which  meet  in  a  neural  sjtine  on  the  top,     On  the 


Fin.  154.— Under  ■urfiwc  "I  'i-<ii<  iu<i.ir.i,'    "i    1  .1:..-. 
(Aftei  W,  K.  rAiiKLn), 

/'.  Uni  UMtl  e*nlUt<:  Jf.,  mitrum;  it.,  inl,t  i,:j.-  r...,..ri ; 
iL<-.  naul  (spiMik ;   It. A.  ani-orbLul   cv HUir* ;  /,>fV',  ^^'^Ulo' 

Sttr)^(Mliudni« :  M,f-.  hl«ck«rft<ulilui;  A-jH..hyu'rEiu],JiL»uI«r ; 
Jr.    1'^  hynt-hnnihiik  1  r.M  {,  UHi  ctmlo-WinihuI  i  ..4-. 
ccnts-briil :  1 1-4,  laliLkl  uillliaM. 

caudal  txrtcbnt:,  what  seem  to  t>e  llie  ttausvene  woceaseB 
ate  dirccicd  downwards,  to  form  a  ha^nal  arch  enaosing  «n 
artery  and  a  vein.  In  the  lo^ccnge-shaped  spaces  between 
the  vertebra;  lie  gelatinous  remains  of  the  notochord.     The 
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vertebra]  oolumn  developfi  from  the  mcsodennic  sheath  of 
the  cndodcnnic  notochord. 

The  skull  is  a  cartilaginous  case^  with  a  ^cioos  cavity 
for  the  brain,  a  large  posterior  aperture  or  foramen  magnum 
through  which  t)ie  spinal  cord  pa»es  a  brge  ear  capsule  on 
each  tide  ptxtteriorty,  a  simiUr  nose  capMile  on  each  side 
ODteriorly,  a  long  snout  or  rostrum  projecting  in  front,  two 
tnoompletc  regions  or  fontancilcs  on  the  roof.  Cominrcd 
with  the  skull  of  a  cod  or  of  a  higher  Vertebrate,  that  of  a 
skate  is  simple ;  it  is  not  ossified,  nor  divided  into  distinct 
regions,  nor  has  it  anything  correspotiding  to  the  investing 
metnbrane  l>oites,  which  in  higher  animatx  are  added  to 
the  original  foundations  of  the  skull,  nor  do  the  visceral 
arches  in  the  skate  take  part  in  forming  the  skull,  which 
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no.  155.— Side  licw  of  ilutc'i  ikull.    (Aftei  W.  K. 
PAaKRILl 


*//-f..  |nlm  >mir«o  ■«»^wi :  .U.i.,  UrtMTt  imfjiiv,  It-m^ 


M  untal  (hv  p.  437),  from  parachordals,  bnliccutic, 
'  capsules,  Stc. 
The  vtfccnl  arches  are  primitively  supports  for  the  wall  of 
the  anterior  port  of  the  food  canal,  but  ni  least  two  of  them 
arc  much  modified  alike  in  |Kjkiii<Mi  and  function. 

'IIm;  ui>per  ^w  of  the  skate  is  a  nmn^,  tmnivene  bar, 
formed  (rum  the  union  of  two  juiLito  tMcrvgo^uadrate 
CBrtiLi^  Tite  lower  jaw  is  a  similar  bar  formed  fiDtn 
the  union  of  two  Meckel's  cartilages. 
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h'lG.  156.— Skcklon  or  Skali'.     (Kti^iii  »  ^|tttation.> 

Ka.}',  rgW.  nnttnul  plaie:  i..<uract>id  miiou :  i.tt.,  H^nl  nini 

arltU)|g  (oppii  j^o):  .v..  Mfikd'i  iutitact  (lowtr  >••);  ^/r-. 
pio-pliry(iuin :  w./f..  iDFw-piefKiiiin :  ml.fl.,  iBSU-pwiTR'ui"  ■ 
f/,,  tfoviich ;  /w-t  pubic  b«r' 
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I-Voin  the  c-iir  ca[>.iiili:  [u  lh«  nrticuluiion  of  upi>er  and 
lower  jaw  thvrc  extends  on  each  side  a  club  shnpcd  canilage 
known  as  the  hyo-mandibulni.  AllAched  to  this  is  a  slender 
three  joinled  rod— the  hyoid. 

Then  follow  five  branchial  arches,  each  primarily  four- 
joinied,  forming  the  framcwoik  of  the  gitl-lKaring  region. 

Of  less  importance  are  four  labial  cartilages  about  each 
nose  capsule,  an  nnlurbiial  cartilage  uniting  the  nose  cai»ule 
with  the  end  of  the  pectoral  lin,  and  a  spiraculoi  cartilage 
supporting  the  nidimenury  gill  in  the  spiracle. 

The  dorsal  or  scapular  region  of  the  pectoral  girdle  is 
fixed  on  each  &ide  to  the  cre&i  of  the  vetiebral  plate  by 
mean*  of  a  supra-xcapula.  The  ventral  region  of  the  girdle 
is  distingtiishcd  as  the  coracoid  portion.  I'he  outer  edge 
bears  three  facets,  to  which  the  three  basal  pieces  of  the 
pectoral  fin  arc  fixed. 

Of  these  three  basal  pieces  the  anterior  or  proptcrjgium 
and  the  posterior  or  mctaptcrygium  are  large,  the  median  or 
niesoptcr)-gium  is  small.  All  bear  jointed  radials.  The 
true  fin  rays,  comparable  to  the  dermal  rays  in  the  fins  of 
Uony  Fishes,  arc  represented  by  "  horny  "  fibres. 

The  pelvic  girdle  is  simpler  than  the  pectoral,  and  is  not 
fixed  to  the  vertebral  column.  Its  dor&al  region  is  |)ra' 
longed  into  an  iliac  procesi;  while  anteriorly  a  pre-pubic 
process  projects  from  the  ventral  (pubic)  bar.  The  girdle 
bear;  two  articulating  facets,  lo  the  poi^lerior  of  which  the 
the  strong  basal  piece  or  mctupterygium  of  ihc  hind  limb  is 
altachod.  From  this,  and  from  the  anterior  facet  of  the 
girdle,  the  jointed  radials  proceed.  The  claspcrs  of  the 
matet  arc  closely  connected  with  the  hind  limb,  and  have  a 
very  complex  cartilaginous  .skeleton  and  an  associated  gland. 

The  Brain. 

The  brain  {itt  p.  .135)  has  the  following  parts:— 

(1)  Tile  (lucil  ccivlinJ  licitilt^hnm  ur  protcncciilinlcn),  Milh  a 

OMvou*  Toof,  «nii  wiiluiut  icniriclm. 
(l)  Thi  (hMliunfni:cphi]on  ur  rt^un  of  llic  uplic  Ihalaiiii,  w[lh 

a  Ihread'likc  pintal  body  above,  indindibulum  and  piiuit- 

«fy  body  below,  thinly  roofrti  tliird  v^nlridc  within. 
(J)  The  auKnccptudancinud-liniiQ  wlih  thi.-  uprje  lobn  above. 

Ihc  crura  cercliri  below,  the  itct  ^i.tMiii);  Ixtwctm. 
[4)  The  ccretidluni  wiih  an  anltrior  and  «  posterior  lobe,  both 

marked  by  rlclgcf  antl  gioav(& 
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[51  The  medulla  ot<l»ii(^t!i.  wKli  ihin  i-a$cular  loor,  wiih  Oono- 

lalcRil  cxieimianii  callvd  "  rr>liform  liodim." 

TI1C  (r);iiiii  liir]i<nili  llio  lhaljiniciicv))hi<,l'>n  )>taii(ii)  twuinoid  Infrtior 

lol><%  (*l  the  iiifuuJilnilum  which  citrio  Ihc  laluitaiy  body,  and  (.)  a 

iliin-wsllvd  Ihtcf-lobcd  nccus  tiuculntui  liliuied  liclwnn  inc  piiuiiniy 

body  Uld  the  infcrioi  lobct. 

Crania!  Nervts} 

Owing  to  the  flat  form  of  the  skate  and  its  Trequently  lar]ge 
size,  tlie  disiicclion  of  the  cranial  nerves  is  perhaps  tsMct 
ihan  in  any  other  VerteUratu.  Expeain^;  jiraciical  verifica- 
tion, we  Khali  describe  tlieir  distriliulion  in  some  detail, 
following  in  re^rd  to  cciUin  points  the  investigations  of 
Professor  Cossar  Ewart. 

I.  The  el/iutory,  rising  fioni  the  olfactoty  lobes  of  the 
cerebral  hemispheres,  extend  to  the  nostrils,  and 
there  expand  in  olfactory  bulbs,  which  j^ve  off 
nerves  to  the  natlrils. 
11.  The  ofitu,  leaving  the  r^ion  of  the  optic  ihaUmi, 
cross  in  an  optic  chiasma,  and  extend  to  the 
retina  of  the  eye. 

III.  The  nmlomoior  or  ciliary,  arising  from  the  crura 

cerebri,  near  the  mid-ventral  line,  supply  four  of 
the  six  muscles  of  the  eye.  There  is  a  dliary 
ganglion  in  connection  with  Ml.,  and  also  with 
the  ganglion  of  the  ophthalmicus  profundus. 

IV.  The  fiatketic  or  IriKhlatr  are  small  ncnes  arising 

dorsally  from  between  the  mid  and  hind  brain, 
and  sup])lying  the  superior  oblique  muscles  of  the 
ey%.  It  is  po:!siblc  that  they  really  belong  to  V. 
V.  The  trigrmtHal,  or  nerve  of  the  "  mouth-cleft,"  aris- 
ing from  the  medulla  oblongata  (as  do  all  that 
follow),  h.-is  a  (Oasscrinn)  ganglion  on  its  root, 
and  tluec  main  branches — the  sensory  maxillary, 
which  unites  with  tht  inner  buccal  of  VII. ;  tlie 
motor  iKOHditular,  which  innervates  (he  niusclcs 
of  the  jaws ;  and  the  sen.tory  tuperfida!  ophlhaS- 
mii  (or  orbitonasal),  which  runs  over  the  eye  to 
the  snout,  and  comes  into  close  relations  with  a 

'  I  have  10  acknciwlcili-u  iiidcblciinen  to  Dr.  Ilearil  fnr  hin  kindii«M  in 
helping  me  to  ttatc  Ih«  diiiribuliun  of  thcM  ncrret  correctly,  ut  u  cor* 
(Klly  as  is  at  present  ponible. 
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similar  branch  or  VII.  Internal  to  tite  mandi- 
bular branch  !i«s  the  gnnglionated  ophthalmieus 
profundus,  which  tends  branches  to  the  eyeball, 
snoiil,  ^c,  and  is  rcrcrrcd  b>'  §oinc  to  III.,  bjr 
others  to  v.,  and  is  regarded  by  others  as  an 
independent  nerve. 


Fic.  lj7.—t>teK«li«fl  of  nerves  of  Slolr. 

mx.,  UullUrvflf  v.-  nm.,  lUiMlDaiW  irf  V.;  /■  ,  <t|>Ii<Ii>iIiiiLciu 
■rariii>l<i>;>.*.<«p(rtlcUlusAikiilBkofV.:i.f'.,>Mun(ki*!<>iAilial- 
mic  ./ VII.:  v.,  Wt\..  VDI.,  IX..  X.,  llMPt  ■<•»•  \  ■-v«I>Icl>*<: 
fiX,«»lkb>)i«lCA,cn*WlluBi  A-.,  MMrUi  r.,<vi:  JU7,  luuck* 
a(  i**i;  1/..  nlridii  if,,  ck;  xiji,  oafulli  oUaanu:  Arjt. 
bncUd  fi»uB>:  I.,  tl,.  III.,  IV..  V).,  VtUihMMrv* 
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VI.  The  aidutrns,  a  slender  iierre,  arisinK  near  the  mid- 
vtintral  line,adjuceht  to  V.  and  VIII.,  and  hidden 
liy  ihc  former,  sii|>|i1i<;n  [he  vxlcmal  rectus  musilc 
of  the  eye. 
VII.  The  facial,  morphologically  the  ncn'c  of  the  spir- 
acular  cleft,  supplies  all  the  live  groups  of 
ampullae  on  the  head,  and  has  seven  main 
bmnche.1. 

1.  The  ophthnlmicui  raperficinlii  runs  over  and  part 
the  o'c.  unilct  wilh  a  limilu  branch  of  V.,  anil 
hU[iji]lo  ampull.x-  on  ihc  «nouL 

3.  TliD  inner  buccal  rum  uiiiirr  ilic  tyc.  ihriHi|;b  ihe 
niaal  CApanlc,  10  inner  biicml  atn|iullic.  The 
Duler  buccal  runs  under  Ihe  nrr,  over  the  aalor- 
Uul  cartiUiie,  loonier  buccal  ampullar. 

3.  The  hyamantlibulu  mm  diiecily  ouiH-ardi  bdiind 

Ihe  iplracle  10  hynid  ainpiillc 

4.  The  extcnul  nianJilHiliu  runt  tirhlnFl  nnit  under 

the  3|)iraelc  aiong  the  jaw  to  niiuiililiul:ir  am- 
[mllce,  and  U  a  I>r»nch  ol  (he  hjrit-mandibulai. 

5.  The  palatine  runx  ovei  the  ipiracle  to  lheroof«r 

Ihe  nionlh. 

6.  The  *■  bclal  proucr"  «uni9]ic«  the  muule*  of  (he 

hyoiil  areli,  and  );iv««  off— 

7.  Tlie  "choriln  tyinfani,"'  which  run*  tiiiiJer  ihe  tpir- 

nrte  <o  ihc  inner  lidc  of  the  j.iw. 
With  Ihe  lou  of  (he  scniory  ampulln-,  Ihe  levenlh 

nenc  of  higher  Vcriehtitio  bocomes  miricled  to 

the  lul  Ihicc  biMichet. 
A  rocuncnl  branch  of  ihc  facial  aim  runs  under 

the  auditory  capaiile  ti>  VS..,  aniJ  it  equlraknt  to 

Jocobwn'i  anaMonia«iH  in  higher  forms. 

VIII.  The  auditory,  arising  just  Iwhind  VII.,  is  the  nerve 
of  the  ear. 
IX.  The  gloiiopharyngtal,  the  most  typical  of  all,  is  the 
nerve  of  the  first  functional  gill  cleft,  its  root 
passes  through  the  floor  of  the  auditory  capsule, 
and  bears  a  ganglion  above  the  cleft.  Its 
branches,  as  named  by  Brard,  «re : — 

{a)  Posi'hmnchial,  to  ihemuideiof  thefintfatnnchial 

■rdi: 
(4)  pric-Liranchial,  archet  over  th«  cIcA  and  runs  aloiig 

iix  front  oall ; 
(c)  inlcslitial  'it  vii«cra,),  (o  ihe  phar>'ni ; 
(</)  tiipra- branch ial  ur  ilorul  Ici  a  frw  ionw  orptu  I 

Ihc  mid  dorsal  line  <A  the  head. 
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X.  Tbc  ni/pu,  jfpieady  node  np  of  K  loat  favr 
cmual  nerva,  hai  fiw  rmm^  and  divides  tnto 
ffix  nsiD  yiMiiuiMlcd  pvtica^  vhicn  ffiwwy 
ifae  bar  pogenoc  clefts  ux)  ardic^  the  poatenor 
je9Hiil»,  lad  tbc  ban  and  maaaA.  It  dm* 
iirf:— 

not  to  Ike 


MA 


U) 


r- 


toUtot 


I 

m  traol  of  dl  the 
himli  btaneklB- 


(/)  Ffom  the  faanfc  *™*fc"'  IiimiiIi  uba  ibe  km- 


ffi     tnns      'fvt/ 


Fm.  15&— Side  *kit  uf  chi«f  cntnnl  ocrvei  of  Elaimo- 
Imitehk.    (SUglHly  modified  (torn  Cosuut  Guakt.) 

j{^,  Ov«r  «1/*cl0CT  (4fv«:  ^,  over  GovfevKl  >rTTnia|ih  1 1 1  >  £#■< 
Dm  nnlHltuil  m.f.,  M  li  imllilll  aUcobU";  •"->  ■xollil  iw-i 
BullkrvW*Mh«(s:  ■m.^iOwUnUiUrbiui^t/):  nm.maaadt 
Inilw  bnndi  of  wmih  n*m :  «■■-(.,  ■»■»•  01  ampiiac ;  «■»•)■■ 
HilNdliUl  svhlhtlmk  •(  s;  *•>•,  siAilulnilcui  imAindB;  ut-> 

oitf lion  .  '  : /'l^»iinvbucal;  4(X4«ircr  nioai,  7A1 

Uk^aI  4(  ,  '  "^  T:  ^1  Bplrxl*:  fA-,  ckotdA  lympani: 

7,4w,,  hvuK.-i ^i-i  „!  f :  t. .  *iiilUiini  1  A'-.tari  »,  slaaiO|>>HiT>>- 

oah  14-f  noH  o4  vMin;  /'lo.,  lAivnl  nerve  dT  vpfw ;  r.ifr,  imo- 
thill  imn  o(  n(u> ;  I'-j ,  ^(11  cMit. 

The  >i>inal  coni  lie*  in  the  cartibginous  neural  archway 
above  the  rcncbml  column,  is  divid»l  by  deep  dor&al  and 
venlfal  Rsnirei,  and  gives  off  numerous  spinal  nerves, 
Tormcd  as  UHual  tram  the  union  of  dorsal  (senjory)  and 
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venlrni  (molor)  roots.  The  finl  xixu-cn  or  etghtecn  nerves 
form  the  brachial  plexus,  converging  and  uniting  in  a  trunk 
which  supphcs  the  pcaoral  fin. 

The  sy  mpaihetic  system  consists  or  a  longitudinal  ganglion- 
aied  cord  along  each  Mde  of  the  vertebral  column.  The 
ganglia  of  these  cord-t  arc  connected  with  ttic  si)in.il  nerves. 


Seme  Organt. 

(d)  The  Eye*  (im  ]>.  445).    llic  Wn  Iim  a.  bnutifully  fiinenl  upper 
mugin. 

(*)  The  Eau  (i«  fk  4,44).  The  vaiibak  a  caniieclcd  wiih  thf  tai- 
lice  by  n  deliuic  cannl— the  iu|Uc<luclu>  vciUbuU—a  rcmnanl 
of  the  <iflginEil  Inviginnlion.  A  t,m>ll  pari  of  Ihc  wftU  if  the 
Kudllory  capiuk  U  covered  only  by  the  ikln  farming;  >  kind  of 
tympuiuin.  U'ilhiii  ihc  viaiIIhiIc  are  olcurcout  otolithic  |wt- 
ticlei  rairoundiil  l-y  a  jelly. 
The  NoaJ  mt  aic  cup-like  cavitici  wilh  pliited  wall*. 
TheSeniiory  luliesBte  tmt  MCD  on  lhev«n(nil  lurfoce.  where  they 
He  jiikl  iinil«r  itie  ikin.  The^  end  in  ampullar,  canuuniii|[ 
Miuony  cells. 

Atimentary  System. 

The  moutb  is  t  transverse  aperture ;  the  teeth  borne  by 
die  JRWS  arc  numerotis,  and  those  worn  away  in  front  «i« 
rqilaced  by  fresh  teeth  from  be- 
hind ;  noso-buccaJ  grooves  connect 
the  nostrils  with  the  corners  of  the 
mouth;  the  spiracles,  which  open 
dorsally  behind  the  eyes,  communi- 
cate with  the  buccal  cavity;  from  the 
gullet  five  fpll  clefts  open  venirally 
on  each  side;  the  stomach  lying 
rather  to  the  left  is  bent  upon  itself; 
the  large  brownish  liver  is  trilobcd, 
and  has  an  associated  gatl  bladder, 
from  which  the  bile  duct  extends 
to  the  duodenum  —  the  port  of 
the  gut  immediately  succeeding  the 
stomach :  the  whitish  pancreas  lies 
in  the  duodenal  loop  Iwiwccn 
stomach  and  intesiitie,  and  its  duct 
o]>ens  opposite  the  bile  duct ;  the  intestine  contains  an  in- 
ternal spiral  fold'-a  membrane  which  increases  the  absorf^. 


Fio.  159, 

of  Skale. 
Pakkkm.) 
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live  surraoe ;  a  small  rectal  gland  oi  unknown  significuice 
is  atuchi-tl  to  the  tenninal  or  rectal  jxirtion  or  the  pix. ;  the 
en<t  of  ihc  gullet  nnd  die  anterior  portion  of  the  stomach 
and  the  rectum  are  siipportcd  by  folds  oi  pcriioncum, — the 
membrane  which  lines  the  body  cavity, — the  re«  of  the  gut 
lies  freely ;  into  the  terminal  chamber  or  cloaca  the  rectum, 
the  UTCiers,  and  the  genital  ducts  all  oi>en ;  an  abdominal 
pore  oitens  on  each  side  of  tlie  ctoacal  aperture  Excepting 
mouth-cavity  and  cloaca,  the  gut  is  lined  by  endoderm. 

Jitsfintlory  SytUm. 
The  first  apparent  gill  clefts — the  spiracles— open  dorsally 
behind  the  eyes.     E^h  contains  a  rudimentary  gill  on  the 


Pin.  i6a.--Ui>p«i  |<*'(  ol  llic  doniU  kona  in  the  Skate. 

(After  MoHEtO.) 
il.li.,  DonI  aoru;  c,  oeltee  Binv;  ■•■,  iu|M<rlor  niMinlale; 
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anterior  wall,  supported  by  a  spiracular  cartilage.     Through 
the  spiracles  water  may  enter  or  leave  the  moutli. 

There  ate  five  pairs  of  gill  cavities,  sepatsted  by  parti- 
tions, and  with  ventral  apertures.  The  first  cavity  is 
hounded  anteriorly  by  the  hyoid  arch,  posteriorly  by  the 
lirst  branchial  arcn.  Tlic  hyoid  arch  bears  branchial  fila- 
cnentE  on  its  posterior  surface ;  the  first  four  branchial 
archc6    bear    gill    lilamcnts  on  both    surfaces;    the  fifth 
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Iininchial  arch  lieitra  none.  Each  of  (he  first  four  branchial 
arches  txars  a  hair  gill  on  each  side;  thus,  including  the 
gill  filaments  borne  on  tlic  posterior  side  of  the  hyoid,  there 
arc  four  and  a  half  gilk  The  alisence  of  an  oiierculum  or 
gilt  cover  i.i  obvious.  The  gill.^  arc;  outgrowths  from  the 
wall  of  the  gut,  and  therefore  endodcrraic. 

Cirntlalory  System. 

The  impure  blood  from  Ihe  body  enters  the  heart  by  a 
bow-shaped  sinus  venoaus,  which  leads  into  a  large  thin- 
walled  auricle.     Thence  through  a  bivalved  aperture  the 


^/^ 


Fu.  161.— IltMl  tmd  ftdjaocnl  ««»cU  of  Skalc.    (In  pad 
iftcr  MoKiio.1 

f^«.i  Wnlnl  AOn*;  d,rV,  Anirrior  Eiir>uiTiiciaL«  1    Tk..  [h^tulil  ;   Hfi, 

blood  passes  into  the  smaller  muscular  ventricle,  and  from 
tliii:  it  is  driven  through  a  contractile  conu»  arteriosus, 
with  three  longitudinal  rows  of  Tive  vnlven,  into  the  vemml 
aorta. 

The  ventral  noita  gives  off  a  pair  of  posterior  innominate 
arteries,  which  take  blood  to  the  three  posterior  gills,  and  a 
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jair  of  ant(;n'or  innominate  arteries,  whirh  supply  the  anterior 
gill  and  thi;  liyoid  half  gill  on  earh  side. 

The  piirilicd  blood  passes  from  each  half  gill  l>y  an 
efferent  branchial  aitcr>'.  To  begin  with,  there  an;  nine 
of  these  on  each  side,  but  by  union  they  are  reduced  to 
three  elTerent  trunks,  which  combine  to  form  the  donat 
aorta. 

From  the  efferent  bninchial  of  the  hyoid  arch,  a  carotid 
arises,  which  divides  into  internal  and  cxicmal  branches 
supplying  the  brain  and  head.  From  the  first  of  the 
c/Tercni  trunks,  a  vertebral  arises  which  supplies  the  brain 
and  spinal  cord. 

The  dciriinl  aorta  gives  off— (■)  a  sub<'lavian  to  each 
pectoral  fin)  {2)  a  ccdiac  to  the  stomach,  duodvnura,  and 
liver ;  (3)  a  superior  mesenteric  to  the  intestine,  pancreas, 
and  spleen;  (4)  spermatic  arteries  to  the  reproductive 
organs  ;  {5)  an  inferior  mesenteric  to  the  rectum ;  (6)  renal 
arteries  to  the  kidneys:  (7)  arteries  10  ilie  pelvic  fms.  It 
ends  in  the  caudal  artery. 

At  each  end  of  the  bow-shaped  sinus  venosus,  there  is 
a  prc-caval  sinus.  This  receives  venous  blood  as  follows  :— 
(a)  from  the  head  by  a  jugular  vein;  (^)  from  the  liver 
by  a  hepatic  sinus,  which  runs  from  one  prc-caval  sinus 
to  the  oilier  like  the  tiring  of  tlie  l>ow ;  [ej  from  a  large 
posterior  cardinal  sinu»  (between  the  reproductive  orgam) 
by  a  cardinal  vein  on  cnch  side;  f^)  from  the  hind-fin 
by  an  epigastric,  with  which  brachials  from  the  fore-limb 
tmitc  anteriorly.  The  great  cardinal  sinus  receives  blood 
from  the  hind  limbs,  the  kidneys,  and  other  posterior  parts. 

Blood  jusses  into  the  liver  (n)  from  the  crvliac  artery,  and 
(^)  by  portal  veins  from  the  intestine  (the  hepatic  porlal 
system) ;  blood  leaves  the  liver  by  hepatic  veins  which  enter 
the  heiMlic  sinus. 

Blood  passes  into  the  kidneys  (a)  from  the  renal  arteries, 
and  {/i)  by  renal  portal  veins  from  ihc  caudal,  pelvic,  and 
lumbar  regions  (the  renal  portal  system) ;  blood  leaver  the 
kidneys  by  jiosterior  cardinal  vein*,  which  enter  the  cardinal 
sinus. 

Into  the  pre-caval  sinus  there  also  opens  the  lymphatic 
trunk,  with  nutritive  fluid  from  the  intestine. 

The  heart  lies  in  a  pericardial  cavity,  which  is  connected 
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with  the  flbdominitl  cnvit^  by  two  Rne  cxiials,  nnd  is  nn 
anterior  part  or  the  ca:lomc.  The  blood  contains,  as  usual, 
red  blood  corpuscles  and  leucocytes. 

The  dark  red  spleen  lies  in  the  curve  of  the  stomach. 
The  red  thyroid  gland  li«i  Juki  in  Tronl  of  tJie  anterior  end 
or  the  ventral  aorta.  The  whitish  thymus  gland  ii  a  paired 
utructurc  lyint;  dorsally  .ibovc  the  gills. 

Excretory  System. 
Excretory  Sptcm  {see  pp,  458-462). — The  elongated,  dark 
red  kidneys  lie  posteriorly  on  each  side  of  the  vertebra! 


Fli;.  ids.—Uriixvcnilal  orenii*  ot  iiwlo  Sltnit.    (From  a 
sixcimcii  in  Edinlnirgh  Mmcum  ol  Science  »nil  Arl.) 

T'.,TMw://,tpJdldvini<;  v.J.,tnMma*:  A'..kid>;Ey;  r.i., 
c)a4cii. 

column.  They  are  developed  from  the  hind  part  of  the 
mesoncphros.  Sc^'cral  tubes  from  each  kidne>'  combine  to 
form  a  ureter.  Tlic  two  ureters  of  the  male  open  into  the 
urinogenital  ainus,  whence  the  waste  products  pass  out  by 
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the  cloflcn ;  in  ihc  female  they  open  inM  Utile  Madden — the 
diluted  ends  of  the  WolHiati  ducts,  and  ihi.-ncc  liy  ti  rommon 
apcrtiiic  inlo  (he  cIojicl 

The  archtncphric  or  segmental  duct  of  each  side  divides 
into  a  Wolffian  and  a  Mlillerian  duel.  The  Wolffian  duct 
becomes  in  the  nule  the  va.t  deferens,  in  the  female  on 
unimportant  raesoncphric  duel ;  the  Miillerian  duct  l>cconie» 
in  the  female  the  oviduct,  ctnd  in  Ihe  male  a  mere  ludiment. 

1*110  muscles  and  other  organs  of  Elasmobninchs  retain 
considerable  quantities  of  nitrogenous  waste  products. 


FlO.  163.— Urinogciuial  ornniof  rcnule  Skalc^    (tn 
put  after  MoKua) 

1^,  Aptnun  al  DBlMit  eviducii;  If.D,.  Wnlfliu  dufl:  *>., 
trwt*  O.D.G.,  trwiA'aca.i  glaitd;  £^*%ti  in  marmuil'i  puri«;  iU^. 
Iiliiddtr  u  tuuc  of  WolfAui  iIiku  (urow  Inia  cL«M>}>  K..  Mdrwy 
^nowrmmboMorevHluK  ini(>daiu«> 

Rtpntduttivt  Syslem. 

The  male  organs  or  testes  lie  on  each  side  of  ihc  cardinal 
sinus,  moored  by  a  fold  of  peritoneum.  Spermatozoa  pass 
from  the  icslts  by  vosa  eflcrcnlia  into  a  lube  sunounded 
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anteriorly  by  an  epididytnts.  Thr  lube  of  Ihe  epididymis  is 
continued  into  the  vas  deferens,  which  is  dilated  posteriorly 
into  a  seminal  vesicle  and  an  adjacent  spcrtn  sac.  Finally, 
the  two  vosa  dcfcreniia  open  into  the  urinogeniial  dnus, 
thToii){h  which  the  &|ierniatozOK  pass  into  the  cloaca.  In 
copulation,  the  complex  "dampen"  of  the  mate  are  inserted 
into  the  cloaca  of  the  female. 

Tfic  female  or^iians  or  ovaries  lie  on  each  side  of  the  car- 
dinal sinus,  moored  by  a  fold  of  peritoneum.  In  young 
skates  lhe>-  are  tike  the  young  testes,  but  in  the  adults  they 
are  covered  with  lar^je  Ctiufiati  folliclet,  each  containin);  an 
ovum.  The  ripe  ova  burst  into  the  Iwdy  cavity,  and  enter 
the  xinulc  aperture  of  the  oviduas,  which  are  united  an- 
teriorly behind  the  heart.  About  the  middle  of  each  oviduct 
there  is  a  large  oviducal  gland,  which  secretes  the  "purse;" 
the  elastic  lower  portions  open  into  the  cloaca. 

Dny/apmtnt. 

The  ripe  ovum  which  bursts  from  the  ovary  is  a  large 
sphere  of  yolk,  with  the  formative  protoplasm  concentrated 
at  one  pole. 

In  Rla.smobranchK  formation  of  polar  bodies  (maturation) 
lakes  place  at  iin  early  stagc- 

In  the  upper  part  of  the  oviduct  the  ovum  is  fertilised. 
It  is  said  by  some  that  numerous  spermatozai  often  enter 
the  Elasmobntnch  ovum,  although  only  one  is  actually 
concerned  in  fertilisation. 

As  the  ovum  descends  further  it  is  sunounded  by 
albuminous  material,  and  by  the  four-cornered  "mermaid's 
purse '*  secreted  by  the  walls  of  the  oviducal  gland  This 
purse  is  composed  of  keratin — a  common  skeletal  substance 
which  occurs  for  instance  in  hair  and  nails.  Its  corners  arc 
produced  into  long  elastic  tendrils,  whidi  may  twine  round 
sea  weed,  and  thus  moor  the  egg.  Rocked  by  the  waves, 
the  embryo  develops,  and  the  young  skate  leaves  the  purse 
at  one  end. 

The  segmentation  is  mcroblastic,  being  confined  lo  the 
disc  of  formative  protoplasm.  From  the  edge  of  the  blasto- 
derm, or  segmented  area,  some  nuclei  (so-called  "mero- 
cyies")  are  formed  in  the  oulci  part  of  the  subjacent  yolk 
(Fig.  164,  N.).     .According  to  some,  ihcac  yolk  nuclei  i^et- 


494 


PtStlBS. 


wards  shnrtf  in  Ihc  iiiakinfc  of  the  vnibryo.  On  the  other 
hand,  it  has  been  taid  that  they  iio  nothing,  even  that  they 
arc  the  heads  of  numerous  spcrmatoioa  which  have  suc- 
ceeded in  entering  the  ovum. 

At  the  close  of  segnicnution  tlie  blastoderm  is  a  lens- 
shaped  disc  with  two  strain  of  cells.  It  is  tliickcrat  one 
end — where  the  embryo  b^ns  to  be  formed  Towards  the 
other  end,  between  the  blastoderm  and  the  )x>lk,  lies  a  seg- 
mentation cavity  (Fig,  ifi.i.  sg^.). 

At  the  cmbiyonic  end,  the  outer  layer  or  epiblast  under- 
goes a  slight  invagination  (Fig.  164,  x),  beginning  to  form 
the  roof  of  the  futute  gut  ix-).  in  oihcr  words  establishing 
the  hypoblast.  Thi-t  inflected  aic  uf  the  blaxioderm  corres- 
ponds to  the  blastopore  or  muutli  of  the  gasCiula,  which  is 


Flii.  1C4.— KInunutiiAiich  iievi'|r.)imenl.    (.Vliei  llAi.fntTR.) 

UHHTAMti  Afun  ilwwt  lilulodiTU  >1  an  niily  aatlt.     E/^. 
tfuUii ;  tr.r,.  nmenimjon  cxiAr :  '-,  rolk  mtctai. 

UaADpan;  jT-*  arelienirrihn.     Mf^Hjflcrm  durk. 

cvIUwl :  Kf ..  nouni  amml;  w.(.,  a«iii«n«k  ewul ;  f  ,c«li  a., 
nmadiafa.    i4mea*na  dwk. 

much  di-tguised  by  the  presence  of  a  large  quantity  of  y<rfk. 
As  the  invagination  proceeds,  the  segmentation  cavity  is 
obliterated.  The  floor  of  the  gut  is  formed  by  infolding  of 
the  lateral  watU. 

Along  the  nu'd  dorsal  line  of  the  cpiblasl  a  medullary 
groove  appears  —  the  beginning  of  the  central  nervous 
system.  Its  sides  artcrnards  arch  towards  one  another,  and 
meiettoform  a  medullary  canal  (Fig.  164, m./.).     A  posterior 
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conimunic;ilion  belwtrtftt  this  dorsal  nervous  tube  above  and 
the  vcnlr.il  alimentary  tube  persists  Tor  some  time  as  the 
ncurcntcric  canal  (Fig,  164.  ti.e.(.). 

The  nicsobtasi  arises  as  iwm  lulcral  plates,  one  on  each 
side  of  the  niedulbry  j;ni»VLv  I'he  \>\aXi:i<  seL'm  to  arise  as 
a  pair  of  lolid  "utgrowths  from  ihc  wjll  of  the  gut.  They 
are  afterwards  divided  into  sctpncnts.  Between  the  mcso- 
blaxt  plates,  along  the  mid  dorsal  line  of  the  gut,  the  nolo- 
chord  is  established  (Fig.  164,  n.). 

Besides  the  internal  establishment  and  differentiation  of 
layers,  there  are  two  important  proeesses,  (n)  the  growth  of 
the  blastoderm  around  the  yolk,  ifi)  the  folding  oUT  of  the 
embryo  fnitn  the  yolk,  The  yolk  is  thus  enclosed  in  a  yolk 
sac,  with  which  the  embryo  is  finally  conneclcd  only  by  a 
thin  stalk— the  umbilical  cord.  Through  the  canal  of  this 
cord  nutriment  is  absorbed  into  the  gut,  and  blood  vessels 
also  effect  absorption , 

What  the  different  layers  form,  and  how  the  organs  arise, 
may  he  inferred  from  the  general  conclusions  stated  else- 
where. 


SeCdild  type  of  Fisiiks.  The  Haddock  (Gitfus  irglffiniis) 
— A  type  of  Tekosicans  widi  closed  swim  bladder 
(PhyaoclJsii). 


Form  and  External  Ftatuns. 

The  elongated  wed(;clike  form  is  well  adapted  for  rapid 
swimming.  The  leimiiial  mouth  bears  a  short  barbule; 
this  is  long  in  the  cod  ((?.  morrkua),  and  absent  in  the 
whiting  {G.  merlaNgus).  The  noxIriU,  silualed  near  the 
end  of  the  snout,  have  double  apertures.  The  eyes  are  lid- 
less,  but  covered  with  transparent  skin.  Over  the  gill 
chamber  and  the  four  gills  lies  the  operculum,  supported  by 
several  bones.  Distinct  from  one  another,  but  closely 
adjacent,  are  the  anal,  genital,  and  urinary  apertures, — 
named  in  order  from  liefore  ItackwariLt.  .Along  the  sides  of 
the  body  run^  die  dark  lateral  line  containing  sensory  cells. 
There  are  three  dorsal  and  two  anal  fins,  and  an  apparently 
symmetiical  tail  6n. 
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Skm. 

T1]e  smnll  scales  which  cover  ihe  body  are  developed  in 
the  dermis,  and  arc  without  any  bone  cells.  Tlieir  free 
margin  is  even,  a  characteristic  to  which  the  term  cyclOiid  is 
applied,  in  contrast  to  ctenoid,  which  describes  those  scales 
which  have  a  notched  or  cinnb-likc  free  margin.  Over  the 
scales  extends  a  delicate  partially  pigmented  epidermis. 

Apptndaga. 

The  pectoral  fins  arc  attached  to  the  shoulder  girdle  just 
behind  the  branchial  aperture.  The  pelvic  or  ventral  fins, 
attached  to  what  is  at  most  a  rudiment  oC  the  pelvic  girdl^ 
lie  below  and  slightly  in  front  of  the  pectorals — fai  from  Ihe 
normal  position  of  hind  limbs. 


Fic.  i£j.— External  cbuacknarATelcoetean — anujik 
(Afict  Lku!«i».| 

A',,  Oannl  untailml  An:  S,,  bumoeHol «udal  On:  A.,  and  An; 
B.B.,  P«totii]  ind  t«lvic  piiniiniu.  NMe*lMthe1ucr»l  iincwid 
buhult. 

Musiuhr  Syskm. 

Tlie  main  mtucles  of  the  body  are  disposed  in  Mgneitt^ 
—myotomes  or  myomeres,  separated  by  iiartillooc  of  Ctm* 
ncctive  tissue. 

SMeltton. 

The  Vertebral  column  consists  of  biconcave  or  amphi- 
ccclous  bony  veitebnv.  Each  ccnlium  in  Ihc  trunk  region 
bears  superior  neural  processes,  uniluig  in  a  neural  arch 
crowned  by  a  neural  spine,  and  transverse  processes  pro- 


jecting  from  each  side.  ArticuUtcd  to  the  di»tal  ends  of 
the  transverse  processes  arc  the  downward  curving  ribs,  and 
aluo  more  delicate  intermuscular  bones  which  curve  upwards. 
In  the  caudal  vertebne,  the  centra  (c.)  bear  not  only 
superior  neural  processes  (m.n.),  but  also  inferior  hs^nal 
processes  (i.a.). 

At  the  end  of  the  vertebral  column  lies  a  fnn-shftpcd 
hyjHiral  bone  which  helps  to  support  the  tail.  The  fin  rays 
are  jointed  flexible  rods,  which  in  the  dorsal  and  anal  fins  arc 
attached  to  the  ends  of  interspinous  bones  alternating  with 
the  neural  and  hxmal  spines,  and 
atuched  to  tht-m  by  fibrou*  tissue. 
The  Skull  includes  the  following 
bones,  which  tnay  be  grouped  in 
the  fotiowing  regions  (the  mem- 
brane bones  in  italics) : — 

(d)   Afouiid    the    ronunm    iMcnuin ; 

bosi-occipilitt.  two  ei-ocd|ntaU.  aad 

*  ;ir/ni-ncci|>ilal. 
[t)   Alonj;    llic   loof;    ur/m-oodpiul, 

faruialt,    frtatal$,     mcMihiDoiil, 

tunah-     Benmlb  the  faritMh  lit 

th«  alUphenoiilih 
\c]    Along   (lie    floor ;    boii-occipilali 

fara$f\fii*ii,  wmeri. 
\J\  Araaad  the  ur  on  «ach    ntlc  i 

■Dhcnmic.    ptcrollc     and     cpiollc 

■nove,      piootic     and      ojusihalle 

(licncath), 
(()  In  &ant  tir  anil  uounii  the  utbil ; 

P&rcthmoicli  ifUjirymaJ,  »r^lali. 

The  first  or  mandibular  arch  is  believed  by  many  to  form 
Mecttel's cartilage  beneath,  and  the  palato-pterygoquadralc 
cnrtilage  above.  Meckel's  cartilage  becomes  the  foundation 
of  the  lower  jaw,  and  bears  a  large  tooth-bcaiing  membrane 
bone— the  dcmary.  a  small  corner  bone  —the  angular,  while 
the  articular  clement  is  a  cartilage  bone.  Of  the  bones 
assodaied  with  the  upper  ]>an,  the  palatine  lies  in  front,  the 
quadrate  articulates  with  the  low«  jaw;  while  between 
paLiiinc  and  quadrate  lie  the  pterygoid,  the  mcsoplcrygoid, 
and  the  metaplL-rygoid. 

The  second  or  hyoid  arch  is  believed  by  many  to  form 
the  hromandibular  and  the  symplecttc  above,  and  various 
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Vm.  i66.— Otudul  vcrio- 
bia  of  ImiIcIucIc. 

K^,  Ncunlucb;  r.,  cmUum; 
k,a.,  Iwoul  krcb. 
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hyuid  bones  beneath.  Tlie  hyomandibuUf  and  its  inrerior 
wgment  tlic  syni{doc()c  ranncct  the  t|uadraic  with  the  side 
(rf  the  skuIL  Of  the  six  hyal  bones,  lh«  largest  Bnd  raosx 
imporunt  is  the  ceralohj-al,  which  beam  seven  long  branchio- 
ategal  rayx. 

The  toothed  preniiixilla  fornts  the  upper  |uut  ot  the  gape, 
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Tia.  16;,— Dtmiliculalcd  ikull  o(  Cud.    (Krom  Eifiiiliaich 
HuMum  or  Science  and  Ari.| 


SM,Sutn-HdfiM:  rm..  piiititi  :/■•>..  Iimml:  tt.t.,  _. 
mtti:  /•:,  mml;  r.tc .  fmiitiivaM:  01.,  oiio;  E.O..  m-acol- 
pllall  IW-,  liB>4ccipiuiI ;  Fm~i„  pimptinxiiil :  I'.,  v«inu:  L  , 
udUJimli  *l4.,  ottallali;  //..if..  hydiMiulihutll  1  Ji.  (HllllKlk: 
Q.,  quulnit:  I'l..  pwinoid*.  mfjM.,  nitupHtTBM !  '"if*— 
ai«vpKty|fiiil : />/.,  pslntina;  Mr.,  mullli  1  fttf..  uwmPU; 
Ar.,  mKiiW ;  .^h.,  mculai:  /'..  Aimuy;  m.k.,  unriirvli  iA> 
hniitilnl;  <-^.  ocnuatayili  //.Jl.,  cjiUiyid :  i4.,  iniin.kTtl;  fV'> 
ofncuUr  I  S.tf't  «ibKip<rcul>r ;  u/^.  jni«^«p*vcvl*r .  /->3^>  I**" 

while  the  inaxilU  which  articulates  dontolly  with  the  vomer, 
and  nearly  reaches  the  (luadiati:  posteriorly,  does  not  enter 
fnio  the  |p|>e.     Both  arc  mcmbmnc  bones. 
In  the  opercular  fold  nic  Tour  mcinbranc  bones. 


SKELSrOff. 


499 


The  1>ranchial  arches  are  divided  into  various  parte,  of 
which  the  most  intcteaiing  art  the  two  superior  phaij-ngcal 
hones  vfhich  lie  in  the  roof  of  the  pharynx  and  bear  iccth, 
and  Ihcit  counterpart,  ihc  inferior  pharyngeal  bono,  which 
hcs  on  the  floor  of  the  pharynx,  and  is  likewise  toothed. 

The  Limhs  and  Girdles, — Tlie  dermal  myn  of  the  i^eciond 
fin  are  attached  to  four  xmall  brachial  ossicles ;  these  articu- 
late with  a  dorsal  scapula  and  a  more  ventral  coracoid; 
both  of  these  are  attached  to  the  inner  face  of  a  large 
clavicle,  which  almost  meets  its  fellow  of  the  other  side 


ear. 


FUI.  ld&— Pectoral  fiiidlc  And  fiii  of  Cod.    (From 
Edinburgh  MuMum  of  Sci?ne«  «nd  Art.) 

J-r^  iln  ny«;  A^^.  brvcbial  mviclcti  H'.kConcouS;  itf..4capgla  ; 
tf;  cliirkt«;  fJt,  pwcdavlclt;  «v£,  wpm^UvlcIc  /(^  pM. 
urnponL 

in  the  mid-ventral  line  of  the  ihroal.  From  the  elavidc  a 
slcndL-r  post -clavicle  extends  luckwards  and  downwards; 
while  a  stout  supra-clavicic  extendi  from  the  dorsal  end  of 
the  clavicle  upwards  to  articulate  with  a  forked  post- 
temporal,  which  articulates  with  Ihc  back  of  the  skull.  It 
must  not  be  as«unied  that  the  elements  of  llits  girdle  are 
directly  comparable  to  thow  of  a  higher  Vertebrate,  although 
the  nomenclature  is  the  same. 


The  6a  myt  at  cacfc  ptlric  fa  aie  — ^'^*  is  «  ifajn 
,  wUeb  n^bca  bHia  dnatt  itf  the  fii^ 
:«f  •  pdncpcdfe. 

JRnMtf  SfOtm. 

oftic  iobta,  Ihe  toiyig-^haped  «enb<guai  wtucfa  "'^T-'ii 
iHMt  of  ifae  nMdalb  ohlot^jif,  hmn  ihdr  anal  peneal 
Rliliaai.  Each  ot  tbe  ciMiaocy  aerm  ii  it  finttwoiUei 
their  boiMfte  teiniwWwnf  lie  tu  from  ibc  bnin  bclitod 
the  Raul  BO.  Tbe  br^e  optic  acne  ows  ooc  anodier 
witbont  fuwKi  tt  a.  sfighl  Hiwm^  boax  their  uriKiii,  other* 
wise  the  ncn-n  geaeraHy  trymhfc  iboM  of  the  tkue. 

In  the  Urge  ejrei;  the  diflnent  pwtt  «iU  be  reuhlji  identi- 
fied ;  the  notU  anBl  acs  with  [ifaited  wbUs  hare  double 
antenor  apotues ;  the  vestibale  of  tbr  ear  contains  a  large 
otolith,  ai>d  another  vtty  noaO  one  in  a  poeterior  chamba. 
The  dark  lateral  }iae,  cofcrcd  over  by  riKxUficd  scales,  kx%es 
wauorj  tubeS)  and  is  innervated  bj  a  branch  of  the  vagus. 

Alimentary  Syttem. 
Teeth  are  borne  by  the  premaxinx,  ibe  voroer,  aitd 
superior  pturyngeal  bones  above,  by  the  dentaries  and  the' 
inferior  pharyi^ea]  bone  bKneaih.  There  are  im>  salivary 
■lands,  nor  spiracles,  nor  posterior  nan^  A  small  tongue 
IS  suivponcd  by  a  ventral  pctrt  of  the  hyotd  arch,  l-'ivc 
clefts  oiienfrom  the  pharynx;  their  inner  margins  arc  frinj^ 
by  homy  gill  rakers  aiuchcd  to  lh«  branchial  arches  and 
serving  as  strainers.  The  gullet  leads  into  a  cun,'ed  stomach; 
at  (Im:  junction  of  stomach  and  duodenum  nuinerout  tuhubr 
(tytoric  CKca  are  given  off;  into  the  duodenum  o]>ciu  the 
bile  duct  from  the  gall  bladder  and  liver;  the  inlcMinc 
posaea  gradually  into  the  rccium,  which  has  an  apcrt 
apan  from  those  of  ihc  genital  and  urinary  ducts.  A' 
luincrcai  is  ulmcnt ;  |>crhaps  the  pyloric  cxca  Like  its 
jtlace.  'llic  [Kntonual  membrane  which  lines  the  abdominal 
cavity  is  darkly  pigmented. 

Retfintlory  !^stem. 

Water  that  passes  in  by  the  mouth  may  pass  out  by  the 

gill  clu^ta  ;  Uie  branchial  chamber  is  also  washed  by  water 
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out  under  the  operculum. 
The  gill  filamcnii  borne  on 
the  four  anterior  branchial 
archei  are  long  trianguUr 
proceNHes,  whowe  free  ends 
forni a  double  row.  A$  there 
are  no  partitioru  between 
ihc  five  gill  clefts,  the  fila- 
ments projwrt  freely  into  the 
cavity  covered  by  the  oper- 
culum. AlonR  each  arch  and 
Gbincnc  there  arc  blood 
vestels,  l>rinK<"t>  '''■■  in^puru 
blood,  and  n-moving  it  puri- 
fied- On  the  internal  surface 
of  the  operculum  lies  a  red 
patch,  the  pseudobranch  or 
rudimentary'  hyoidean  gill. 

The  swim  bladder  lies 
along  (he  dorsal  wall  of  the 
abdomen ;  the  duct  which 
originally  connected  it  with 
tlie  gut  has  been  closed. 
The  dorsal  wall  of  the 
bladder  \s.  «o  thin,  that  the 
kidne)-s  and  vcrti.-br,i;  are 
seen  through  it ;  the  ventral 
wall  is  thick,  and  bents 
anteriorly  a  large  vascular 
rete  mimbile,  which  receives 
blood  from  the  mctenteric 
arter}'  and  returns  blood  to 
the  portal  vein. 

Ciratlalory  System. 

The  heart  lies  within  a  peri- 
cardial chamber,  separated  by 
a  partition  from  the  abdo- 
minal cavity.  The  blood  from 
the  body  and  liver  enters 
the  heart  by  the  sinus  vciiosus,  passes  into  the  thin-walled 


V\a.  169.  —  l^i-igniiii  uf 
TrIetMltan  ciiciiiiitiun.  (After 
NUIIN.1 

Tbc  VRiAUB  arHcoi  H  dirk.  A-, 
uttWa;  I',.  Trniricli:  Aa,  Inilhiu 
ultrifjMH^  I**.,  wnlnl  aorla;  a-t*^, 
ttfcrtnl  bmndiUU  \  tjkr..  latrtni 
hruKhtik;  t^..  (iphallc  drclo ;  t.. 
tMK'Xi'U  \  /tjv,,  atinnar  rvilifuJ  tcini ; 
P^CA'-t  pauttiai  (artiin.-il  vrim;  rfw-n 
dgitua  C'uv(?nl  ^  J-Ar^  tlni^T  nnu  ;  ^,f»,, 
uudil  vein;  (.a,.  «ik]*1  utiry ;  »^ 
kidnty. 
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bnncliiu  fwdi  lo  tfac  ^Bl  TWsct  the  blood  is  coBccttd 
vf  (oar  ofefcst  trart^  lAiA  Bdile  oo  csdt  side  in  n 

pMUriorif  to  forai  tbe  donal  aorta,  vidle  anieriorir  ^ey 
pve  off  ihe  carotKb  ■IulIi  are  aniuao  Df  a  UBcrcne  nna 
doHBg  the  "cepfaafic  dicfe." 

Blood  entcn  tbe  uoua  veoosos  bjr  two  voocal  precaTal 
vdna,  and  bf  bqjatics  from  At  Qver.  Eadi  precaval  «-cin  is 
ootopoMd  donolljr  of  a  jognlar  from  the  bead  and  a  cardinal 
from  tbe  Iwdy.  The  cudinali  eitend  along  ibe  kidneys 
and  arc  cnntinuouii  po«tcriorly  «iib  the  caudal  mn,  but  the 
middle  pan  of  the  left  cardinal  is  obJitcisted. 

JSxerftofy  Sytttm. 

The  kidney*  are  very  long  ladies,  extending  abo%'c  the 
■wim  bladder  under  the  vencbml   column.     The    argest 

firt*  lie  jum  in  front  of  and  just  behind  the  swim  bladder. 
r(>in  iIm;  posicrior  part  an  unpaired  ureter  extends  to 
Ibc  urinary  aperture,  before  reaching  which  it  gives  of!  a 
Mnall  bilobed  bladder.  The  pronephros  dcgetMrates;  the 
fuiictJotuI  kidney  b  a  mesonephros. 

Rtprodiutivf  Sytttm. 

The  (eitci  are  long  lobcd  organs,  conspicuous  in  mature 
malm  at  ihc  breeding  season.  The  ovaries  of  the  female 
ore  more  comjiacl  sacs,  more  restriclcdty  posterior  In  posilion. 

Two  VAHn  dcferentia  combine  in  a  single  canal.  Tlie 
IlkewiK)  Hinule  uviducl  is  cuntinuoii:!  with  tlie  cavity  of  the 
ovaric*.  Tnc  genttiil  apc-rture  in  either  »cx  is  in  front  of, 
but  very  close  to,  tli.it  of  the  ureter.  According  to  uiine 
authorities  the  ((L-niml  canals  in  Tcleosteans  are  secondary 
ilnjctureH,  unounneciwl  with  the  archincphric  or  segmental 
duels,  hut  the  researches  of  Jungcrseii  have  made  this  very 
doubtful. 

Devti'ff't'Kiff. 

The  ova  of  the  haddock,  like  those  of  other  Tdeoslcans, 
contain  a  considcmblc  tiunntity  of  yolk,  arc  fertilised  after 
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they  have  been  Inid,  and  un(l«rfc»  tneroblostic  segnientiition. 
The  eggs  flo.it,  i.t.,  arc  pcbj^ic  ;  whil«  those  of  the  herring 
sink,  i.t.,  arc  dimctsal. 

At  one  pole  of  a  mnipucnl  tplicrc  of  yollt,  lia  a  ilisc  of  formalin 

rratoplum  oTn  light  (cm  colta  colour.  The  o^inn  » lurroundcd  bf  ■ 
mi  vitcllini:  iTlciii>>ninc.  Khtx  fcrliliulian,  ihc  focmallvc  dlu;  iltvtilc* 
fifM  into  two,  then  into  foui,  ihen  into  iniuiy  cclk  which  funn  tha  liluto- 
deiin.  Fran  the  tim  <A  the  biuKxIcrtn  wiuin  yoW  nuclei  or  peti- 
blMt  nudd  ore  fcvmed  which  iJlcrwnrdt  have  some  iitipmlnoce.  Al  the 
end  ol sqpncntittion,  th«  bluloderm  lies  in  the  fuim  irfa  tloubljr  convex 
leiu  in  ft  shallow  conovily  ol  the  yolk. 

The  lilntlmlctm  eiti-n<U  (or  tome  (lisloDCc  la.ictall]'  o\tt  the  yolk  j 
the  etniral  |ui(l  mine*  it*clf,  »nd  lhu»  farm*  a  doted  MgmcMtnllon 
cavity  1  one  tndiut  of  the  hlailcKlerm  bccomn  ihickrr  th>n  (be  trsl.  uid 
forms  the  lint  hint  of  the  embtjo;  »i  inward  giowlh  from  Ihc  edge  of 
Ihe  Uailudeim  (brmi  »n  innginatcd  layer— Ihe  dorwil  hypoblnsl  ot  roof 
of  ihc  K"! !  ilic  pciiblul  fonns  ibf  tluot  uf  the  gui,  nnd  afierwarils  aids 
the  Hioohlatl  which  nppcttn  beiwecii  e|iiMaii  nnd  bypobluii  i  (he 
tneihitlnry  rami  i>  fnrmea  m  luual  in  Ihe  <to[ut1  c[iib)Ai>t.  li  i«  likely 
ihttl  the  ed|^  uf  (he  bUiloderm  reproKciIx  the  l)1a»top>irc  ui  tnouth  ol 
Ihc  e*»i[Uln,  much  dJiffuitcd  by  the  pretence  of  yolk. 

The  nenly  hatched  lan'a  it  still  mouthlcsi,  and  liiics  for  a  while  oa 
the  levUlue  of  vi>lk,  which,  \jj  in  liiiojuncy,  caunet  the  youDg  fuh  to  be 
uitpendeil  in  the  wain  hack  downwaidi. 

Third  Tj^k:  of  Fishes.  The  Herring — Clupea  harrtmis.  A 
type  of  those  Teleostvnns  which  hnw  the  swint  bladder 
communicating  with  the  gut  (Physostomi). 

In  habit  the  herring  is  pelt^c  and  gregarious.  It  is  found 
in  the  North  Sea,  the  temperate  and  colder  parts  of  the 
AlUntic,  the  Baltic,  and  the  White  Sea.  A  similar  »iKctcs 
lives  in  the  N.  I'adfic, 


Extemat  Characters. 

The  herring  has  the  t>-pi«l  "  fish  "  shape.  Externally  it 
differs  from  the  haddock  in  the  following  features : — there  is 
no  barbule ;  the  maxilla  is  divided  into  three  parts ;  the 
nostrils  have  a  single  aperture  on  each  side;  there  is  no 
lateral  line;  the  pelvic  lins  are  Jit)doniinal,  not  jucular  in 
position ;  there  is  one  dorsil  and  one  anal  fin ;  the  uody  is 
more  compressed  ;  the  ventral  cd^  is  covered  by  sharply 
keeled  bony  scales. 
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Mch  sex  there  is  a  Htngle  ext«rnnl  ojiening  behind  the  anus. 
The  number  of  mature  q^s  spawned  at  one  lime  by  the 
female  has  been  variousljr  estimaicd  ai  from  10,000  to 
30,000. 

In  BrilUh  anuen  ihcre  ix  a  iprtt^;  ix  well  u  >n  autumn  iLpawnJeg— 
probably,  hnwcvrr,  liy  tl»iinct  ihooJi  nf  hcriinK*.  When  nbmil  la 
niftwa,  the  hFrHiii-cviuc  nnr  Ihc  routs  iatoitnicr  of  from  Irn  lo  twrnly 
nthonw  drplh.  While  tli«  «Qp  n»  being  tb«[I  by  Ihe  fFmalei.  IM 
Rternwlic  Duid  ii  ptuscd  ialo  tEe  wkIci  by  ihc  malti^  and  [he  «££)  <it« 
Inns  feililiKil  before  tcachinic  ihc  boilom,  whcic  ihcy  adhere  lo  iioon, 
■oophylM,  and  creo  cruiitaeeani.  Thr  hfti>:!iiii|;  of  ihc-  qop  lakes 
from  S  10  40  day*,  nccoidinc  lo  ihe  IfiniKniitirf. 

DtitUppttttt.  — Tlie  young  herriri);  an  Kvatvfywg  from  Ihc  egg  hu  the 
yolk  sac  altacheil :  ils  ikcklon  1.1  nidimeninij' ;  it  hiLi  no  tcaln :  (he 
veotrnl  fini  axe  undci-do|ied  ;  one  continuoni  hn  ptt«w  alonR  the  bacl*. 
round  Ihe  tail  to  the  anuii.  A  monlh  after  bnlcbliie.  (lie  Iniva  ii  about 
lwo-lhird«  of  an  inch  lon|>,  and  haa  aUoibcil  all  lit  }'olk.  About  Ihe 
third  month  ihc  troUtaiipnr,  and  ihough  oaly_  !«<■  inrhe^  in  Icneib, 
the  form  n  then  I  hat  of  the  adiill.  Giourlh  conlinuciat  Ihe  rale  of  lew 
than  half  oii  inch  per  moDih,  and  at  the  end  of  ^hteen  month*  th« 
henine  ■>  icxunlly  inalore. 

Goscly  nllicil  in  the  hcninE  arc  Ihc  ipial.  Uie  ahad,  and  Ihe  pilchard. 
Tbainc*  "  whilcliult  "  arc  hciring  nol  hit  iiinntha  old. 

THE   OROERS    OK    KISIIES. 
(.V«  Table.  PI.,  S'8'9l- 

Order  I.  EiJtSMOBHANciiii— Cnrlibginous  Fishes. 

Spionyms.     Sebchii.      PInjciostomata  (with  tmntvene 
vcniral  mouth). 

Sharks  and  sk.ttcs  rcprcsi-ni  the  two  diBttnct  types  included 
in  tliis  order.  They  arc  voracious  carnivorous  fishes.  The 
scales  are  "  skin  teeth."  There  is  no  cover  over  the  (5-7) 
gill  Bpeitures ;  anterior  to  these  there  is  often  a  si)iTacle,— 
the  first  Kill  cleft — wiih  a  nidimentaTy  gill.  The  lins  are 
laigc.  The  skeleton  is  mosil)'  cartilaginous.  The  tail  is 
asymcDetrical  or  hcteroccrcal.  The  mouth  extends  trans- 
versely on  ihe  under  side  of  the  head.  Tlie  nostrils  -ite  also 
ventral.  A  spiral  fold  extends  along  the  internal  wall  of  the 
Iarg«  interline.  Into  the  tenninal  chamber  (or  cloaca)  of 
the  gut,  the  genital  and  urinary  ducts  also  open.  I'he 
ventricle  of  the  heart  has  an  anterior  auxiliary  region— a 
contractile  eonus  .-irtcriosus.  The  mates  arc  provided  with 
copulatoTjr  modifications  of  tlie  bind  limb,  known  aa  claspera. 
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JVtrwut  SyikiH. 


The  bnin  hu  very  Atnall  cerebral  hemispheres  and  large 
0]>lic  lobcL  'I^  ear  hiu  a  peculiar  connection  wiih  the 
swim  blsddcr.  External  to  each  of  the  well  dcvclojxMl  c)'cs 
arc  two  immovable  transparent  folds  ai  skin,  with  a  rntical 
slit  between. 

Alimentary  System. 

The  TiKMiih  has  a  narrowed  gape.  The  upper  jaw  moves 
downwardK  and  fiinrards  when  the  mouth  is  opened.  Small 
visible  teeth  arc  borne  on  the  tongue  and  on  the  vomer, 
but  those  on  both  jam  arc  inconspicuous,  llic  food — 
chiefly  small  crustaceans— is  probably  in  part  crushed  by 
the  gill  rakers,  nhich  also  prevent  it  passing  out  by  the  gill 
cleflu.  From  the  posterior  end  of  the  gullet  a  ca:a)m  or 
crop  is  given  off.  A  narrow  coinmunii;ation  k-ads  from 
beneath  this  crop  to  a  thick-walk-d,  gtixard-like,  muscular 
organ  ditccicd  fomards.  This  in  turn  has  an  opening  into 
the  inttfMine,  which  run.s  straight  lo  the  anus.  About  twenty 
digestive  cmca  ojien  into  the  beginning  of  the  intestine. 
The  swim  bladder  haK  a  silver)'  exterior.  And  lies  close  under 
the  bacit  bone.  The  herring  difTcrs  from  most  I'hysostomi 
aa  regards  the  connection  between  the  swim  bladder  and 
gut,  for  the  bladder  docs  not  communicate  with  tht^  gullet 
but  with  the  cncum  by  means  of  a  narrow,  twiMi-d  ranal. 
Anteriorly  on  eftch  side  the  swim  or  air  bladder  gives  nfT  a 
thin  duet  which,  passing  through  the  walls  of  the  skull, 
divides  into  two  branches,  each  ending  in  a  dilatation  close 
to  the  car.  Posteriorly  ihc  swim  bladder  has  a  duct  opening 
externally  on  the  left  side  of  the  anus. 

Jiesfimtaty  Systtm,  if(. 

The  gill  filaments  arc  lixcd  in  a  double  row  on  the  outer 
edge  of  each  branchial  arch.  The  specially  wide  opening 
beliit>d  (ho  gill  co>'cr  permits  of  a  free  current  of  water  for 
respiration.  The  heart,  kidneys,  tec,  are  much  the  same 
M  m  the  haddock. 

JfffruJtKtive  Syjfem. 

The  le«tes  or  mill  of  the  male  and  the  ovaries  or  roe  of 
ttic  female,  lie  on  each  side  of  tlK  abdomiiuil  cavity.     In 
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each  sex  there  ix  n  single  external  opening  behind  the  anus. 
The  niinilwr  of  mnlure  eggs  sjmwncd  at  one  lime  by  Ihe 
female  has  been  v&riously  estimated  at  from  10,000  to 
30,000. 

In  Rriliih  w*(en  there  U  •  tpting  at.  wetl  to.  on  autumn  iiniinii^; — 
pinlmljJy.  hriHTict,  )iy  ilUiInct  shiMlt  (if  hening*.  Wlicii  utioal  la 
ijuivn,  i)ii'  hririiii- r<im«  nratlhoeoutt  into  water  of  from  ten  ki  twoily 
rathtiini  ileplh.  Wliilc  ilie  cgn  arc  being  thed  by  the  ktnalw.  the 
weiQUlic  nuiti  u  posed  into  iBe  wairr  by  the  tnnlci,  and  th«  rggi,  arc 
Imu  fenUUcd  beCb«c  rouhing  Ihc  Lottam,  where  ihcy  (dhetc  to  itonM, 
EOOphvtet,  and  even  cnitljccmu.  The  hatfhini;  of  the  eggs  lalia 
from  8  to  40  dayi.  acoardlne  to  the  l«mpcraiiirc. 

Dtt<tt^mfiU.'~'YhK  young  herring  un  emerging  Trarn  tlic  C|x  hw  llie 
yolk  nc  atlaehrd ;  iti  tkvlelon  n  rudimentaiy  i  it  hoK  no  K^ls;  Ihe 
veninil  liai  ate  undei'elopcsd  :  one  conlinuoiis  no  pusei  along  Ihc  \*A., 
round  the  luil  la  Ihe  anm.  A  month  nfier  hniching.  the  larva  i»  about 
Iwa-lhinI*  of  an  inch  tciiig,  and  hni  ahaoibcil  all  iU  yolk.  About  tlie 
ihifcl  nionlh  the  widet  aji|icar,  and  llioui;h  only  tou  Inchci  in  length, 
(he  f'lTin  in  then  that  of  Ihc  adult.  Crowih  eiiniinuirt  ai  the  rale  of  leo 
than  half  an  inch  per  month,  and  al  the  end  of  eighteen  monlht  Ihe 
belling  i*  Mtmnlly  mature. 

CloMly  allied  lo  the  herring  are  tfac  xpral,  Ihc  iliad,  and  Ihe  jiilchwd. 
HuUMB  "  whilcbail "  are  herring  ool  da  monlha  old. 
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Order  I.   Ei.A.<$MonKANCHii— Cnrtilnginoux  fishes. 

Synonyms.     Sclachii.      Pln^iontOTnau  (with  tianaverse 
ventral  mouth). 

Sharks  and  skates  represent  the  two  distinct  types  included 
iti  this  order.  They  arc  voracious  carnivorous  fishes.  The 
scale*  are  "  skin  teeth,"  There  is  no  cover  otci  the  (5-7) 
gill  ajK-riures ;  anterior  to  ihcw  there  is  often  a  spiracle,— 
the  first  gill  cleft — with  a  nidinicnlary  gill.  The  fins  are 
large.  The  skeleton  is  mostly  cartilaginous.  The  tail  is 
asymmetrical  or  hctcrocercal.  The  mouth  extends  trans- 
versely on  the  under  side  of  the  head.  The  nostrils  arc  also 
venital.  A  spiinl  fold  extends  alon^  the  internal  wall  of  the 
large  intestine.  Into  the  terminal  chamber  (or  cloaca)  of 
the  gut,  the  gciiil:il  and  urinary  ducts  aho  open.  The 
ventricle  of  the  heart  has  an  nnlcrior  auxiliary  region— a 
contractile  conus  ariciiosus.  The  males  arc  provided  with 
copulalory  modifications  of  the  hind  limb,  known  as  claspers. 
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the  !ikull  and  tboulder  girdle.  The  cndoskclelon  is  in  great 
part  cnrtiUginotis  in  Aeiptmer,  Scaf'hir/ivn^hut,  an<l  Spafu- 
laria,  but  is  ossiTicd  in  L/pidoittus,  IWypUms,  Calami>ickth\i, 
and  Amia.  In  the  first  three  the  iiotochord  b  uncoo- 
strictcd ;  in  the  others  Ihcrc  are  distinct  vcnebral  bodies, 
opistliocctlous  in  Lepidersteus,  amphictclous  in  the  other 
three  genera.  The  fore-brain  has  a  non-nervous  roof. 
There  is  a  spiral  valve  in  the  intestine,  hut  it  \»  very  small 
in  iApid0ttrut.  Tliv  food  canal  enib  ajuirt  fronn  and  in 
front  of  the  urinogcnilnl  npeiturc.  '['here  arc  also  abdo- 
minal pores.  An  air  bladder  is  present  with  a  persistent 
open  duct.  The  openings  of  the  gill  clefts  arc  covered 
by  tm  operculum  supported  by  bones;  in  some  of  the 
genetn  there  is  a  spiracle.  A  contis  arteriosus  is  .-issociatcd 
with  the  ventricle.  Tlie  archinepbric  or  segmental  ducts 
do  not  divide^  thus  no  Miiltcrian  ducts  arc  formed;  the 
pronqihros  completely  degenerates.  The  o%'a  arc  xmall, 
and  arc  fertilised  in  ihi:  water;  they  have  comiwratively 
little  yolk,  and  so  far  as  we  know,  their  segmentation  is 
holobkuic 

(fMwni.— The  «■>«««  {Aiifim/r\  U  one  of  ihc  mote  artiligtnoin 
(jaaohbb  Tbe  Rkbi  Man  fi>c  rtiwt  of  larec  Imny  Kutn;  the  liil  J* 
aqrmnolricBl  m  hMcfOMml;  ihcn(ilocht>[<r»un>q;iiicn(c<l.  A  fnonl, 
bearing  pendtM  tarbabs,  ciI«D>lk  in  fronl  of  the  vciilril  nioiiih.  which 
b  nMWidcil  uhI  toothlnL  Siuffftoit)  UtA  on  other  Atho.  which  the]r 
(wilki*  wholt.  Th«]r  ve  (he  uiimsi  fiiho  fciund  in  fioh  oalti,  for 
A.  tttiri*  may  niuin  a  l<iMpb  at  IS  ktU  usd  n  weight  of  ieo  nauK 
whair  the  A.  Ahio  of  SnutMni  RiwkI*  nuy  mcMUtn  15  k*l.  am  iiti^ 
nnrlir  jooo  imindt  t  Mn«l  of  ihr  »prdo  >r«  fennri  txiih  in  the  m*  aind 
in  tl>Tt>  (M  Ukci.  The  flali  it  ciiljlt;,  cictfit  iii  Ihv  nuc  ol  Iho  gmm 
•iBitcon,  A'  mt^nitrii,  of  ihc  I'Kilic  cuuln.  vthjiji  11  arid  Id  te 
MfMinouti  ihe  ton  nt  ovariu  Uttm  cnviuei  Ihc  Kebtlmiu  Inlcnial 
Lirrr  of  (lie  (wIb  htutiler  U  u)i*<l  >i  liinehus^  The  ipmh  Sinfki- 
rijm:k-i  i>  (TpNHMni  in  Aak  aixl  (he  l<otleJ  SliUr* ;  rtJ|iiMlwi  m 
,y«/uAarid  •;Wtn(*  it  the  ia<l<llr  Ttth  'x  hlNim  bill  >i(  Ihc  Mtltt»ij|l|lL 
In  l^tfyft4rtii,  front  tbf  Nile  uul  »«hcr  Afiican  hitn,  Ihe  doiul  fiB  it 
ilivhhir  Imo  UMay  nn^  ihe  nnul  tac  liu  >  ciMnfiM  labyrinthim 
UmdUM.  It>«  kwim  fihiiMct  aiivi  from  ibc  vcniral  Mdc  of  (be  kbIIci, 
(hr  yiHUf  arr  «ld  (o  have  rmnr^  fillK  In  OhI  Oihhir  ihne  i»  ■ 
rebiol  emiit  r*Ai*M^*fi*ri.  Tbr  gu  iiilie  ot  hony  plk« — /j/vJailfia 
— U  c"'  '  if  eronwDoJ  tcaln  1  ibcatiolo  ikotci-iii  iMroll 

ouUic^l.  '  iHidiat  ua  ajiMbacuiout  nr  concave  bchinl  I 

the  tmiiM  :».><  -r  ■  ■  im<  ■  lunf  In  Mnirlvrt.  and  in  ■  ili|it>l  enlcnt  in 
hiwdiwi.  Til*  lanr  lia,  Mmi*  ithm,  (ItuumiiIiui  "illl  waltn  bi  ihe 
UhUmI  Males  ha*  a  tMilkt  tai«likc  »l»  I'laildn. 
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Tbc  fettll  Ganoids  apiMu  in  ill?  Silurian  about  Lhe  tnaie  time  u  lh« 
GWmobranchti  llicy  ue  abuoilant  Anni  tlu;  Uevoiuui  lo  the  Uppei 
CrolocMui  when  the  Tcldnicnni  Iwgin  lo  become  numerouii.  Il  i«  very 
doubtful  whether  lhe  piimilive  Bimoured  fiilia  [Tirmataifii,  Plfratpn, 
Ctfkatasfiii,  /iiri^A/iyi.&c)  hnvcuijr  ciaini  to  be  eontlilereil  HtCriinald* 
U  ili.  The}'  coiihiiiutc  the  griiiiii  of  Oitncodcinii,  whicli,  cunimciicing; 
Sn  the  Up|>ci  Siluiiau,  tctmia  tu  fuvn  become  vxlinct  at  lhe  cuncliuion 
cf  (he  Devoi^on  «n. 

FiirtiM  allied  lo  the  GanoiiU  of  the  present  ilav  appear  in  ihc  Middle 
Devonian,  and  arc  found  in  abundance  until  the  ctoM  of  Ihc  Jurusic 
eta,  ivhcn  they  iptve  wjtjr  tothemotei-iicdatiiol  Tclcoitei.  In  Devonian 
and  Carboniferous  tocks  liicv  GanuiJt  may  Ik  cLunciI  Id  twu  *crir»  i — 
CtiMopterjrgii  1l'<il"l'>yfl>>>''!i^  KliinHlunliiki:,  OilciiIo|)id«,  OrlacaU' 
Ihlcln},  allier)  to  the  living  Palypiavi,  and  the  Acipenieroidei  |  Palai- 
cniKiibe),  allied  i')  the  Stutgeoni.  But  altwdy  in  tne  Penman  en  w« 
bc|pn  to  lii>d  teprewntittivis  of  ihut  enat  Mmi-hcleroccieal  leriea, 
whtch  ut  repicscnicil  x\  the  proent  day  by  Ltfiidfilmi  and  Amia,  anil 
which,  in  reality,  uiMct  gnulually  into  the  FhyuKioniouk  TclcMlei. 
Theic,  reptncntcd  by  tuch  fontm  m  Lrfiiiotui,  DaftJim,  BttgnMllm, 


fm.  17a.— PtrrichthyB  Millerl.    (Lateral  View, 
by  Tkaiiuair), 


Rettuicil 


Ac,  become  very  alnindant  In  Jiuaulc  roclu,  while  the  Crouoptcryzii 
ud  Aclpenimuidel  dwindle  aivay.  Si>  dud  the  Letiidnleid  tcriea  In 
lhe  Oretanmii  era,  and  in  Tciliary  limn  the  Uanaids  wbi«i  U  now, 
natly  a  Utaag  of  the  jiuL 


Order  III.     TklkostBI— the  "Bony  Fishes." 

This  order  includes  in  oat  of  ibc  fishes  now  alive. 
Th»uj;h  L-omijaraitrely  modem  lisbes,  they  are  uldi^r  thsn 
was  formerly  siipiKificd,  as  several  Jura.tiilc  )(;i;iJtT3  ( Thriswpt, 
LepMepis,  &c.),  which  used  to  be  cbwed  as  Ganoids,  must 
be  considered  as  actual  Clu[x:(iids.  or  Hi:Tring-likc  Tclcostca. 
It  is,  however,  not  until  the  Upper  Cretaceous  and  Tertiary 
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epochs  that  the>-  assume  among  R^ks  that  ovcfwbdniing 
prejMnderince  in  numben  whtdi  they  possess  at  the  present 
day.  TIk  |>h)-sottomoiu  type  of  TeleoiUeait  is  the  most 
ancient,  and  prolxibly  stAmu  in  a  continuous  genetic  line 
with  the  fjcpidostcoid  Oanoids. 

The  skeleton  is  well  ossified,  with  numerous  investing 
bones  on  the  skull,  others  in  the  operculum,  and  on  the 
shoulder  girdle.  The  tail  is  sometimes  quite  symmctricBl 
Of  di[>hycercal,  but  in  must  cases  it  is  beieroceical  at  first, 
and  ac(]uircx  a  secondary'  symmetry  tenned  homocercal.  Tor 
while-  (he  end  of  t)>e  tvotochord  in  the  young  fonas  is  bent 
upwards  as  usual,  the  subsequent  de^-clopmcnt  of  rays  pro- 
duces an  apparent  symmetry.  The  scales  are  in  most  cases 
relatively  soft.  As  in  Oanoids,  the  roof  of  the  fore-bnun  is 
without  nervous  matter.  Tlie  optic  nen-es  are  remarkably 
liecause  they  cross  one  another  without  fusing  (decussau). 
As  in  Ganoidi,  the  jurtilions  between  the  gill  clefts  dis- 
appear, so  invtead  of  the  pouches  seen  in  Elasmobrancfaiv 
there  is,  on  each  side,  one  branchial  chamber,  covered  ova 
by  an  opercular  fold.  Into  thb  chamber  the  gill  iametic 
borne  by  tlie  branchial  arches  project  freely.  In  most,  a 
swim  bkulder  is  dei-eloped  from  the  dorsal  side  of  the  gullet. 
There  is  no  spiral  valve  in  the  inicslinc,  and  the  food  canal 
ends  in  front  of  and  separate  from  the  genital  and  urinary 
apertures  or  aperture-  The  base  of  the  ventral  aorta  is 
swollen  into  a  non-comractile  bulbus  arteriosus,  but  there 
is  no  conuB,  unless  very  cJtceptioiially,  as  in  Butmmus. 
According  to  some  authoritit-x,  the  archinephric  duct  Is 
unsj>lii,  and  there  is  no  MuUeriun  duct ;  according  to 
Jungenen,  the  oviduct  it  a  inic  Miillcrian  duct.  The 
pronephros  degenerates;  the  ova  axe  numerous,  and  are 
fertilised  in  the  water. 

C/auifi<atMH  a/  Ttliotttt.    (After  Giinthcr.) 

{Ai;*ntb<i|>i«i.     Enuph— IV(b.' 
PtiuTflcsCBBIbi-        Extniilc  — 


flic    iknil,    niuil.    aiuj 
p«hK      ftnt      viiboui 


■■taymdhO,  -  «M 

tl  win  Uiddti  b 

AnKHiiliuii :  (he  pcKk  fnt  art       dowJ. 

uiiai«d  rjtf  fffnrai^  Ksuaplt* 

■-Cod.  nnuidcr. 

PhnsMomi :  dua  ef  nrln  liUdea  iiaiiiiu  wn.    £i- 
anpl«-ll<^C.  Salaen,  C>^  Sat.  ^^ 


DIPNOI. 


Betide*  iheie  chlcfiub-Diden,  there  MC  too  mU  of  •Uerruit  formti — 
[«)  The  iM  bono.  Mch  m  Hifftianftu  asA  PAytkifimx,  uid  the 

G'pe  fithct,  tudi  M.  Syn/piatMui,  are  iliMin^fiiliheil  u  Lopho- 
BiuhEu  The  clll*.  laitcul  of  U-Jnij  row»  of  filniiicnth,  are 
Vita  or  loiinded  li>tirt :  Iho  ^ill  cnvcr  u  a  timplt^  jiUli'.  loving 
■  iDtftlt  apcrtuie ;  thr  skin  ii  moru  or  leu  prolccle>l  l>y  large 
(lernul  jilalcs  i  the  loothlen  moulh  is  at  the  ciui  of  a.  proloognl 
nunii. 

(t)  The  globe  fiihci.  lucb  »  TtlnJtm  ind  DUdan.  the  trunk  fithe*— 
Ottratian,  the  tiua  fiih — OrlliatPriuui.  ancj  othen,  are  iliilin- 
l!ul*hc(l  o-f  Plccto^nathl.  The  lioiljr  ik  globular  or  compriMcd 
lidcwayi :  lliv  ikin  beart  hony  Kutes  or  ipinn,  or  U  nnlwd  ; 
tbe  Kkelelon  a  inccmplctcljr  oufinl,  and  the  veilebnn  art  few ; 
the  lunei  of  the  upper  jaw  arc  marc  or  leu  fuieil  i  ihc  pelvic 
lim  arc  abrwnl  or  icduccc)  lo  ipino:  thegiUian  romb'like! 
the  twiin  bladder  hai  no  ilucl. 

It  it  likely  iliai  Mlnic  uf  the  loowl^'bulli  rleei>-Ma  Tiihef,  mich  ak  ihe 
pelican  IU1<  Huryfkaryru,  ore  not  referable  to  lAO  oidon  uMolIy  recog- 

Order  IV.     Dipnoi— "Mud  Fishes." 

The  Dipnoi,  whose  nntnc  means  double  brcsthcrs,  are 
now  represented  by  three  gencn — Ceralodu$,  from  two 
rivers  of  (Queensland ;  Protop^ut,  from  certain  African 
rivers,  <^.,  the  (lambia ;  and  /.epiJost'ren,  from  the  AraoKons. 
llie  wide  disiTi)>ution  is  noteworthy. 

They  are  very  ancient  forms,  for  Ctratadns  or  a  closely 
allied  form  ha.t  lived  on  from  Mcsoiroic  timet,  and  there 
were  also  undoubted  Dipnoi  far  back  in  I'alnioroic  times, 
such  as  Difitems  and  Phantr^letiron  of  the  Devonian, — 
Clenodtis  and  (/ronemus  of  the  Carboniferous.  According 
10  some,  the  reiuaikable  Devonian  Coccostcidse  are  also  to 
be  considered  as  an  aberrant  ^roup  of  Dipnoi. 

Prof.  y*.  N.  Parker  regards  them  ax  "the  Isolated  sor- 
Tivors  of  an  exceedingly  ancient  group,  which  was  probably 
nearly  allied  to  the  ancestors  of  existing  Amphibians  and 
Hshes,  more  patiicularljr  Elasmo  brand  is,  though  the  Ganoid 
stock  moat  likely  arose  not  far  off." 

Were  it  not  for  the  disadvantage  of  tnultiplying  classes, 
one  would  be  inclined  to  place,  them  between  Pisces,  which 
they  resemble  in  hnvii^  cj-doid  scales,  paired  fins,  a  spiral 
valve,  &c ,  and  .\mphibia,  which  they  approach  in  having 
lungs,  an  incipicntly  three-chambered  heart,  a  vena  cava, 
a  pulmonary  vein,  posterior  narcs,  and  multiccllulaT  skin 
glands. 


SI9  FfSHBS. 

It  must  be  noted,  however,  thai  it  doei  not  follow  that 
the  Diiinoi  are  the  coniieciing  links  l)clw<*en  Fishes  and 
Amphioinns  because  ihcy  posses*  certain  characters  of 
both  these  classes.  Wc  r<.-quire  further  paljconlologioil  and 
cnibryo logic*!  evidence.  Tlic  Dipnoi  are  fihyaoifigitaify 
transitional  between  Fishes  and  Aniph)t»ans,  having,  for 
instance,  acquired  lungs  while  retaining  j^tlls,  hut  it  does 
not  follow  tliat  Ihey  arc  morphi^li'sUally  transitional. 

(a)  Ceralodus, 

The  genua  Ceratedus  is  abundantly  represented  bv  fboaDs 
in  the  Mesomic  bed*  of  Europe,  America,  Asia,  and 
Aiuttnlin,  but  the:  living  .inimal  is  now  limited  to  the  basins 
of  two  of  the  rivers  of  (Queensland.  C".  Jvrsttri,  the  best 
known  and  perhaps  the  only  species,  was  Rrst  described  by 
Krcffi  in  1870.  and  recently  (1891)  its  habits  have  been 
studied  by  Frofe&sor  Richard  Semon  of  Jena.  Like  that 
other  old-fashioned  animal  the  duckniole,  CtnUodut  fre- 
qtients  the  still  deep  places  of  the  rivcr'K  bed,  the  so-called 
"water-holes,"  At  the  bottom  of  these  it  lies  sluggishly, 
occasionally  rising  to  the  surface  to  gulp  in  air.  Its  diet 
was  formcily  supposed  to  be  exclusively  vegetarian,  but 
Semon  holds  that  it  crops  the  luxuriant  vegetation  of  the 
river-banks  only  fur  the  sake  of  the  anini^il  life — lar\-;e  and 
^5g»  of  insects,  wonns,  molluscs,  am[)hibian.s,  ami  fiihes— 
contained  among  it.  Cenain  it  is,  tliat  natives  and  colonists 
catch  it  by  means  of  animal  bait.  From  (his  method  of 
angling  for  it,  and  from  its  rosy-tinted  flesh,  considerable 
confusion  has  arisen  between  C<rato,iiis  and  a  Teleostcan 
fUh,  the  true  Barranmnda  or  Dan-son  salmon,  found  in 
some  of  the  Queensland  rivers.  C<niledui  is  quite  unable 
to  live  out  of  water,  but  its  air-breathing  powers  enable  it  to 
exist  in  water  which  is  laden  with  sand  or  rotten  vegetable 
matter.  According  to  Semon,  its  limited  distribution  is  to 
be  accounted  for,  first,  by  its  sluggish  nature,  for  it  comes 
of  a  dying  stock ;  and,  secondly/by  the  fact  thai  the  eggs 
are  very  readily  destta}'ed,  and  so  incapable  of  distribution 
by  any  of  the  ordinary  means.  Nothii^  i»  known  of  the 
nroceiiS  of  fertilisation,  but  the  egg^  which  are  surrounded 
by  a  jelly-like  envelop^-,  are  laid  singly  in  the  water.  The 
development  has  not  yet  been  fully  worked  out,  but  seg 
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mcntaiion  is  complete  and  unoitial,  nnd  i>  fbUowed  )>y 
gasirulaiion.  Scgmcnuition  of  the  embryo  is  ohrious  at  n 
very  early  period ;  there  is  no  trace  of  external  gills.     The 

early  stages  resemble  very 
closely  the  corresponding 
sta);cH  ill  the  development  of 
Amphibians. 

Ctraltitui  honicliniM  a<rxiii<>  x 
lenglh    uf   nx    feci.     Tho    biniy   in 

cloi^ied  uidcomprcawil,  ftod  hmx» 
RccinlinuoiuirettiatJGn.  Thcpaiivd 
lii»  arc  irnwcl-IIkc  with  a  meilian 

iolnieil  uIl  fiom  which  ra>i  mo. 
cci  on  each  uilc.  Thctc  me  Tout 
gill  cleft',  (iiiir  intctn»l  uiilU.  >n4  n 
fciiil  half  gill.  Thrrc  nrc  no  ex- 
lemal  pllt. 

The  »wim  bladder  or  lur^— for 
HI  luch  it  aeix— b  linsle.  Il  is  lup- 
pliol  with  btaod  frnm  thr  foanh 
BOrlic  guthrt,  tit  it  the  twitn  tilndtler 
of  tlic  (jitmiiU  ^  fifty f If rur  miil 
Amia.  ll  nriis  vcnmlly,  Init  tin 
donally.  and  ii  divided  into  com- 
portmcntt. 

The  horn  hai  otUy  one  auricle. 
mith  n  dtitwl  Aliioui  ridse  Mnling 
At  a  ilivtiiinn.  The  cotius  nncrliHtui 
in  prculiiiil)'  iwialdl,  and  cnntaiiu  ■ 
khorl  loiiji^iiirliiial  hpitnl  vnlie  nnd 
DiimrtDu*  laiue  "  pocket "  (oi 
"Ganaid ")  voTi-tt.  The  Beplum 
in  ihc  eonui  i*  noi  complwe,  a.i  ii 
is  in  the  Dlhei  Dipnoi,  ihui  iiiiicd 
blood  pUMk  Into  Ihc  flnl  Iwo  piiii 
of  MchM.  Thcra  are  bar  paiit  of 
tbew  krcfatd  or  Hitnin  mpiilying 
the  gilli  I  the  cITerciit  vnHls  (two 
ftDm  <sch  eill,  u  in  Eliuniobranclii), 
unite  lo  B>rm  epitvuidiiab,  and 
ihcK  to  rcmn  the  ocknI  korla.  The 
cjilbronchial  Kivct  nff  the  nulmnnary  arlciy.  The  pulroonuy 
ii««  (he  left  tide  of  the  auricle. 


Fm.  173.— Skelelnn  of  Cos 
lodiu  Fin.  (Kinm  UUB.V 
BAVK.I 


■.,  C«»al  anil ; 
bandtHK*- 


r.,  ndhli:   4. 


founh 
vdn  enlei« 


{i)  Protopitmi. 

J*rt3tofiterti!  lives  in  African  rivers  (Gambia.  Qiiilimane, 
&c),  is  mainly  but  not  exclusively  carnivorous,  and  attains 
33 
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a  length  of  a  lo  j  fecL  It  haa  extraordinary-  vitality,  tturvir- 
ing  severe  wound*,  lonf;  fui.ling,  and  desiccation.  It  a[;puars 
to  be  most  active  at  night,  and  lo  prefer  shallow  water, 
swimming  rapidly  with  powerful  tail-strokes,  or '■walking" 
slowly  along  the  liottom  with  its  liUimenlous  fins  moving; 
al[i;rnaldy  on  each  side,  somewhat  like  the  legs  of  a  i)cwt. 
At  short  intervals  il  conies  lo  the  surface  lo  take  mouth- 
fuls  of  air,  which  passes  out  a^gun  through  the  oiiercubr 
apcnure. 

As  the  dry  season  approaches,  i'rotopterus  burrows  into 
the  earth  to  a  depth  or  about  i8  inches,  coils  itself  up^ 


b 


Fiu,  174.— HtniJ  regjon  of  Pr4tO|ilcnu.    IKiom  \V.  N.  IUkksk.) 
■■.r,  Stmotj  luhn :  IJ.,  U»nJ  lin*i  <>r.,  uitinal  (Dli : /f ^. , 

tnd  secretes  abundant  mucus  from  its  skin  glands.  This 
noetion  forms  a  cocoon  or  capsule,  with  adherent  eartli 
eXtermilly,  with  moist  slime  internally,  and  with  a  lid,  on 
which  there  is  always  a  smalt  ai>cnure  Thus  encajnulcd. 
the  animal  may  remain  dormant  for  many  months,  t.g.,  from 
August  lo  December.  "The  snirnal  tics  coiled  up  in  such 
a  manner  that  tlie  head  lies  ahtngside  the  base  of  the  tail, 
which  from  this  jioint  is  again  bent  backwards  ot'Cr  the 
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head,  so  thai  it  covert  the  head  and  hoAy  like  a  veil." 
These  capsules,  wilh  ihc  surrounding  earth,  have  often  been 
tiun&porlcd  from  Africa  to  northern  Europe,  without  injury 
to  the  dormant  life  within.  On  emergence  ihe  animal 
makes  peculiar  sounds,  |irolialj]y  due  to  the  forcible  expul- 
sion of  air  from  thi;  lungs  through  the  lips. 

Two  <]uciIion>  of  much  inlncil  uri>>c:~lion'  don  ttic  i-ncajHuled 
animal  brnihc.  nnd  hov  U  i<  nouriiheil  ? 

Allhaugh  the  ml  nuculai  ippounncc  of  the  tall  Icil  Wlc(lcri.heini  to 
Ihe  npinlon  IhU  cnuilal  btmxl  tcmcK  nii|rhl  be  the  mm  of  a  Ta;iirilnry 
inlcrchaii^  of  tpwo.  ii  !>>  almotii  cenain  thai  air  inwca  ilirvClly  finin 
the  motith  of  iho  burrow,  througti  ihe  apetimc  of  llic  ci|i«ulc-Uil  (uliich 
in  produnKl  inwudt  in  n  iihoit  pipv)  to  the  exteninl  noslrilt,  iin<l  (hence 
tu  Ihe  liitigi^ 

The  nouriihmirnt  a^ipcan  to  l«  deriveil  from  a  More  of  (at  dcpouied 
in  the  l)inphoid  tisme  niounil  the  reptoductive  oreniH  nnd  LidneTv  and 
ainonc  ihc  InterRl  muwlet  of  the  tail  Icf.  fntly  boHiei  in  cnlcroillnra, 
amnliiliiiiiii,  itt.).  Moreover,  tome  of  (he  niiucles  aic  reploceil  liy  fal, 
Hinl  i>ihcr«  undMKO  a  palholof^l  irniniilar  ilq;cn«railmi  fed  Inniprcyl, 
To  a  certiun  Wieni,  thetefom,  the  dornmnl  animnJ  live*  on  ill  own  tail. 
It  it  piohable  thai  leucocytci  aid  in  Ihe  alnurpiion  and  transponiiion 
nfthe  deKcneialvd  muwla  {cf.  Uutpolct). 

A  few  of  the  annlamlcal  chnracleritlict  oS  Prtlafttmi  may  nnui  (jc 
nutcil,  (oHowinj;  I'mf.  VV.  X.  I'arker. 

The  {iximd  lint  iie  Alaniciitou*.  and  torm  drsmonlv  when  comiMicd 
wilh  ihote  of  CtnUmhu,  having;  cmfy  one  Krie»  of  ihort  btteml  hnnty 
T»Yi  CD  Ihe  carlila^ou*  ttsmenicd  n.iii.  The  tail  ia  lynttnclrinil,  and 
ctkU  in  n  filament  which,  luc  ihc  end  of  the  (ins,  is  oflen  l»Um  offj 
olicn,  however,  there  'if  ■  ilight  upwud  bfnding,  which  lumnti  a 
hclerocciotl  coniliiion.  Both  lall  and  liiu  may  be  TcBeaeisled  after 
Mriout  Injuriet. 

In  (he  ihJn  ftre  very  nuDiROUi  muciU'icrrclinir  i^blel  edit,  and  lh«co 
are  abo  |ap«cially  on  Ihc  tnout)  nudiicrlliihir  glaiujt,  whirJi  arc  aluenl 
from  moil  liihes,  though  coniin'in  in  Ain|>lii1<mni,  Kcpliln,  and 
Mammok.  There  it  a  cuniitnrciui  lateial  line,  and  apart  fiom  thi*  Ihvre 
are  other  Int^umenlaty  tcnie  organi  on  Ihe  head  and  variant  porti  of 
Ihe  Ixxly.  iTiCTe  ace  tatic  budi  on  tongue  nnd  palate,  olbclonr  orcini 
wilh  |x»lerior  m.  well  a*  anlerioi  narct — ihc  Inltci  concealed  1i]'  ihe 
uverhnni^n);  ll|n,  Tclatiiely  ninall.  lidlrM  cm,  and  audilnry  urpiiia. 
"The  amiarcnily  innmiiliiuii  inwtiori  i>f  ilie*io*itil»  ii  v>iolinl>ly  to  be 
Guplained  at  an  adajiialion  li>  Ihc  hnbiit  of  the  animnl  in  connection 
wilh  iti  lummer  sletjh" 

There  is  a  i|Mral  talvc  in  the  larf^  iniestine :  the  cloaca  hoi  an 
[iBKidated  "  aecum  :  **  the  nncreu  mrrounds  the  Ule-dud,  and  Ihough 
lar|>c,  ii  almcHl  hidden  witnin  ihe  watU  of  Ihe  eul :  the  ipleen  ii  auo 
latlie.  hut  lncon(|)lcuou]i.  Cilia  are  pretcnl  thrnu)[houl  the  ilomach  and 
incetllnc,  and  Iherc  ate  nn  dincrrndHled  catlrlc  or  inteUlruil  glaodt. 
There  it  an  unuaoaJly  abundant  invntment  of  lymphoid  Uwue  ajlodaltd 
wilh  the  ^I,  "which,  during  the  period  when  Protopieni*  ia,  ai  it 
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woe,  panttilic  open  iudf,  is  ptobaUy  of  npeckl  wponMice,  do(  only 
ia  the  idnMdiaa  of  Icuooertci  aad  la  the  deuroclion  o(  djrjag  cclb,  but 
tim>  In  Ibe  uw«uci  of  mcubolbm.' 

Rchiixl  ihc  byoiil  ate  five  nNlinwMMV  bnacU*)  uche*.  There  krc 
Ihx  cill  cicflk,  covered  b)r  an  opscioim,  ounide  whkli  uc  ibtec 
oiMnMl  qsdmnk  giH*.  Of  Uk  true  inlenttl  fill*  ib«  ■nsngcnmt 
■  u  roOonn-.—Uie  Imrid  hM  a  uauJl  half  torn,  tbe  mU  twv  ardia  botf 
■one,  the  third  tatA  lowrlb  tuve  the  UMial  double  rowi  of  luNtllx;  nd 
ibc  MUi  ha*  •  Hn)^  row. 

The  liufi  arc  paired  along  ■Imoci  (heii  entJK  lenxiti,  and  extend  under 
tbc  notochoid  to  Lhe  ctul  of  iIm  baJf  eattt;.  The  gloKk  lict  ai  uhbI 
on  Ibc  nodiao  ventral  dour  o(  (he  pbuynx,  and  b]r  ttxaM  otf  *  ttailliBle 
UevnilinK  on  Ihc  ri|-Ul  lide  communicatn  ailh  the  uapaiinl  t»l«fior 
(•d  nf  lEe  luBcv  1'liu!>.  alihoush  Uw  luog*  lie  donalljr,  lliejr  probably 
«i*e  M  a  Tcntnl  divctiiculum,  w  in  bifher  animttU. 

The  Mood  it  renwtkabic  for  the  Urge  «tc  of  tit  dnKdU  aad  be  the 
prcdomicMMic  of  while  ata  red  cocjnuclct.  Id  genoa]  Hniclsre  tbe 
licail  U  like  Ihal  of  CfvltdM.  There  1>  Imi  one  auricle:,  bul  a  dcmal 
fibrout  riilur  liintt  M  it*  diiMon.  The  c<viiu  aiieriuuiii  l>u  a  lotif^ 
ipiral  lonjfihKliaal  valve  ami  mi&ule  pockn-Uk«  valvoi.  From  the  cod* 
Tour  liraflcliiai  aileries  arise  on  eacn  liilea  and  pan  to  (he  6m  four 
bmachial  archot,  and  the  eScct  of  the  lonKiludioal  valve  U  (bat  tbe 
antciior  pair  conuun  Mood  alrend]- potificd  in  the  luogi;  the^wsterioe 

r'r  cany  alnuKi  unmlied  venom  lilood.  Ttie  eArrent  braochialt  unite 
I  iraniverM:  trunk,  ind  then  fonn  lhe  dortal  aoria,  and  front  the  root 
of  (he  aona  a  [uiccil  {'iilinonaTy  ailory  aritct,  the  left  Hipplyinj;  the 
voniral,  and  Uio  riuhl  the  donal  uptct  of  the  lunga.  la  it^Jrd  to  the 
veiiu.  there  ta  a  tingle  true  postcaval,  ot  iofcrior  vena  eava,  along  with 
a  pcriiilctnt  Icik  poslcriM  oudinil.  There  is  a  ungle  <«adal  vein  pving 
riie  lo  B  ri^t  aM  left  renal  noiiul.  Two  pulmcnaiv  vdn*  unite  near 
the  (rout  M  the  lung  in  a  tingle  reuel,  which  cotcn  the  left  lide  of  the 
auricle. 

The  urinn|[en!(at  oriptoi  aie  tunounded  1>y  lymphoid  and  ftUy  tiuue  i 
Ihc  kidnm  prol«hly  roptewnt  the  ineMnepImn,  and  iheir  duct  lhe 
Wolffian  duct ;  tiepliia«loineB  arc  abunt.  The  vai  dofcn-M  agipcan  lo 
be  a  (pedal  duct,  probabljr  fonned  in  connection  with  lhe  letun,  tifAu 
independenlljr  ol  uk  cxcretorv  apparatu*,  and,  ihcicCbie.  tu  a  certain 
extent  comparable  to  thai  of  TcloMlcani :  it  openi  into  the  tote  of  the 
MUllctiiin  clucl,  lhe  rat  of  which  eraduKlly  ahoiu  io  the  male  The 
ovaric*  arc  drikinKly  like  thoic  of  Amfihiblanii ;  the  oviduct  lecmi  to 
be  the  Mulkriiin  iluct.  Ureicrv  ntiii  K^nlial  duel*  open  l>et>ii.tG  ane 
anollicr  into  tbe  cloaca. 

(()  Zf^^ilutrrH.— Krlalivdy  little  it  known  in  rccaixl  lo  the  thini 
type— ZJ/htHjWir— rroni  the  Amaionii.  It  has  an  eel-shaped  body  with 
a  oontinuon*  vertical  An.  The  limls  arc  reduced  lo  cyundrical  itenia 
H-ilhout  nnv  rodiala.  There  are  no  citcrnal  sills.  The  air  bladder  or 
luns  is  douuc  and  iU  rcUlions  to  blool  tcsmK  arc  like  those  in  Proltt- 
flirvj. 

There  U  au  imperfect  muscular  tcptun  dlt^ding  Ihc  auiicle  Into  tvoi 
and  there  U  a  tlmilnrly  incomplete  tcpiuni  in  ilie  VKitricIc  The  oonu* 
reaemblca  tlwi  o(  J^tfefiitnu. 
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GF.NBRAL  Notes  ok  Fishesl 
Form  and  Maixmeal. 

A  fish  may  well  compare  with  a  bird  in  its  raastery  of  Ihe 
medium  in  which  ii  lives.  Thus  a  salmon  is  mid  to  travel 
at  the  rate  of  about  eight  yards  in  a  .second,  or  over  sixteen 
miles  xn  hour,  '['he  motion  depends  mainly  or  the  power- 
ful muscles  which  produce  the  liitvral  slmkcs  of  the  tail  and 
posterior  part  of  the  body,  it  may  be  roughly  compared 
to  the  motion  of  a  boat  propelled  by  an  oai  front  the 
stem.  So  energetic  arc  ihc  strokes  tliat  a  fish  is  often  able 
to  leap  from  tlie  water  to  a  considerable  heighl.  In  some 
casta  undulating  movements  of  the  unpaired  fins,  and  even 
the  rapid  backward  outrush  of  water  from  under  thi:  gill 
cover,  seem  to  help  in  movement.  The  [laiicd  fins  sre 
chiefly  used  in  ascending  and  descending,  in  steering  and 
balancing,  and  some  observers  state  that  the  pectoral  fins  of 
the  flying  fish  are  distinctly  moved  during  the  long  skimming 
leaps.  In  a  few  cases,  a^  in  the  climbing  perch,  and  in  the 
Strange  Ptriophlkalmui,  which  clamber*  on  the  mangrovx: 
roots,  the  fure  tins  and  tail  are  used  in  scrambling. 

The  chaincieristic  form  of  the  body,  as  seen  in  herring  or 
trout,  is  an  elongated  laterally  compressed  q>indle.  thinning 
off  behind  like  a  wedge.  In  most  cases  the  trunk  passes 
quite  gradually  into  head  and  tail.  It  is  evident  that  this 
form  is  well  adapted  for  rapid  progression  through  the  water. 
Flat  fishes,  whether  fiBticncd  from  above  downwards,  like 
tlie  sLite,  or  from  side  to  side  like  the  plaice  and  sole, 
usually  live  more  or  less  on  the  bottom ;  ecl-Uke  forms  often 
wallow  in  the  mud,  or  creep  in  and  out  of  crevices ;  globe 
fishes,  like  Diadon  and  Tdrodtm,  often  float  patstvcly. 
I'hcre  are  many  strange  fishet,  such  as  the  sea  horses  {t^., 
Hippccamput),  which  play  among  the  sea-wceda  in  warm 
seas.     Some  of  the  deep-sea  fishes  have  very  quaint  shapes. 

Colaur. 

The  colours  of  Fishes  are  often  very  bright.  They  de- 
pend partly  on  pi|{ments  in  the  cells  of  the  &kin,  partly  on 
the  physical  structure  of  tlie  scales.  The  common  silvery 
colour  is  often  due  to  small  crystals  on  the  scales.  In  many 
cases  the  colours  of  the  male  are  brighter  than  those  of  his 
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mate,  wiaem  the  trannwww  tefooet  (Cdi^iffmymmt  fym) 
nd  the  tbcUebaA  (G«i*n«*au),  and  this  is  G^ncially  true 
at  tfac  bfcedtng  sotKn.  The  calioan  at  mMaj  fishes  change 
«itfa  tbeir  wammSB^  In  tbe  pbice  and  some  otbeis  the 
»  niiid.  Sotroaodipg  calonr  affects  tbe  eye,  ibi: 
,  uses  bom  eye  to  bnia,  ■od  fron  tbe  brun  down 
'ibeqriBp^hetk  nerrons  srMeiii,d!ienec  by  pcfipbeial  nrtres 
to  the  skin,  where  tbe  dbtnbation  of  the  pigiaenl  gnuuks 
in  tbe  eeUs  is  ahered.  In  ihallow  and  dear  ««ter  this  power 
of  colour  chai^  nuy  be  ot  much  protectii-e  value,  but  it 
•eeois  Iftely  llut  this  has  been  cxaggcnied.  An  appn- 
[ciBtioa  at  the  protective  nhie  of  ookmnng  dirmindn  cumU 
fcHttention  to  the  habits  and  habitat  of  the  animals,  to  the 
of  the  light  in  which  Ukj'  btc.  and  to  the  enenties 
which  arc  likdy  to  attack  ihcra. 

JvoJ. 

Tbe  food  of  Fishes  is  very  diverse— from  Crotoioa  to 
Cetactuu.  Sbatis  and  niAay  others  arc  iraraciouKly  cami- 
roroBS,  many  tn^aV  worms,  ctuuaccaos,  insects,  molluscs, 
or  other  fUbes ;  others  browse  on  aea-wevds,  or  amllow  mud 
for  the  sake  of  the  livit»  and  dead  otgantsms  which  it  con- 
tains Tlietr  a)>[>ctite  M  ottcn  <rnoniK)US,  and  cases  are 
known  {e.g.,  CAiatmadi'n  n^r\  where  n  fish  bait  swallowed 
another  larger  than  its  own  nomul  tux.  Many  fobes  follow 
th«ir  food  bv  sight ;  many  by  a  difTuse  sensitiveness,  to 
which  it  is  tlittkult  to  give  a  rumc ;  and  others,  it  would 
seem,  by  a  localised  sense  of  smell. 

S,imt  Pritrti  tf  SffiKiwre—Fint.—Aiaas  the  meilaii  lin«  at  the 
durul  and  vciilral  lutbte*  of  icoie  fubo,  a^.,  Aouodcr,  Omtc  U  a  aiir 
tioDoot  lici— afuld  uf  (kin  itkh  ibi  r*y«uul<mikftying*kcleMliup|wni, 

In  the  tmbTfot  of  maay  &thct,  the  mmt  contiMUui  bbige  it  teen, 
while  tbe  *da1b  Inve  only  baktcd  nwdbui  Km.  Th«r«  b  ao  iloiiU  that 
diete  iwlalcd  nicdiwt  fait— a<  wMcb  ihera  nMy  b«  two  donab,  acMHlal, 
and  Nil  uial  or  vcntnl — aiur  or  have  trima  from  ■  oKxUicUion  of  a 
<incc  cnnlinuom  (in,  which  is  uii>pnn«il  ■(  on«  pul  and  iaocased  al 
anMh«i. 

KoB',  Ihe  pair«d  fiiw,  whkli  conctpand  to  llmfai^  oAen  lacmblc 
vnjMaml  6t»  in  Iheir  genenl  Mnctiire,  and  la  tbeir  node  of  origin. 
Ib  ■nunc  Hliumobraccb  embtyoi,  BnJIbiu  ihowed  thai  tbe  pectoral  and 

Iwtvie  fin*  wrrt  connected  if  tnuuatary  Uicnl  ridge*.  Ii  »  Ihctcfoce 
ikcly  Ihat  itic  mitcd  liai  hare  ariwn  in  a  locallutlon  ol  iw«  once  oon- 
tinnniii  Inicn]  foldi.  Why  ihne  thouiil  lie  only  lira  ptin  wc  do  noc 
knoWi 
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Two  t)pn  of  fUh  tin  m  cliilinguithalitc— (s)  (hot  bcsl  UnBiMcd 
Klnong  living  fikha  l:^'  CtmlfJiti,  in  which  a  median  jolnleil  u!l  bttn 
on  each  lide  >  iierie*  of  radial  rayt — a  fonn  often  ollcil  an  nrchi|)tC[}'- 
Ijriutn  ;  iLiiii  (A)  (he  coaiminKr  i)'|ic,  in  iiliiirh  the  nrliaU  nnse  frum  a 
Biunbar  of  law!  piceei  [an  ichthyuplcnrgiiuni)-  Kipcni  do  not  aecm  to 
have  JVC  coRii-  to  a  decision  u  to  which  of  ihac  typs  ii  the  marc 
■nci«nl,  or  »i  lo  bow  they  »re  telaied  to  onr  onothci. 

Profeiani  Kaxley  sue^iccI  that  the  AnEcccd  limb  icheiiotucijeium) 
of  higher  V*CTlebnUc*  mlgbl  ariw  ftniD  a  limli  of  the  Crrat^tii  tf\ic  l>]r 
*a  atrophy  nf  lt»  prailnial  (ore>and<aft  radial*,  and  the  hrpcrlciiphy  ol 
iU  dUul  radialiL  Thut  the  axi«  tKComn  the  middle  dieil.  while  the 
other  fuUT  iliijilt  are  (he  tenniriatiant  of  the  two  distal  raJiais  on  etich 
wd«.  But  it  leemi  jutl  .-is  oaoy  or  as  difficult  to  trace  the  digitate  limb 
to  tm  iclithj*opiet>-giuin. 

Anothei  tolercutng  uibject  of  inquiry  isa*(othe  origin  of  ihegirdla, 
wbethei  u  ingrowtfaji  bam  the  bii*e>  at  the  lioibs,  at  from  mtxliliutiont 
of  branchial  archea.  01  bola  both  01  neither. 

'J'ai/.-'la  Dipnoi  and  a  few  Tclcwtetuu,  t.r.,  the  cet»,  the  vertcbntl 
mlumn  ninii  Ktraig^hl  to  tb«  tip  of  (be  tall,  iliviilniKl  it  into  two  «qual 
partK.  This  per£;tly  symmetrical  conililion  is  ouIrI  diphycmal  or 
proioceroal,  hut  it  is  not  quite  certain  that  its  thorough  symmetry  ix 
primilivc 

In  Kliumulrcinclit,  lloloccphall,  cartilaf;in(iu(  und  many  eitinct 
GanuiJt,  the  lertrbnl  oolumn  it  l«nt  dorwily  at  the  end  of  the  tuil, 
and  the  ventral  port  of  the  caudal  lin  is  imaller  Ihaii,  and  at  tome  little 
dwlance  from,  the  upper  part.  This  aiymmelticnl  cundition  is  called 
heteroccrcoL 

In  most  Tcleottei,  and  in  extant  bony  Gaooidi,  the  end  of  the  veilc- 
bral  column  ii  alto  bent  upwards,  but  the  tpcii  ■tttophies  and,  by  the 
diiproponionale  development  of  tayt  on  the  ventral  liiie.  an  apgiaicnl 
lymmeiryii  piuduced.  The  venetval  column  uauaLlvcniiiiinauiotlyle, 
— the  undivided  <Mifi*d  theath  of  the  nutuchotd.  Matt  of  ilic  fin  really 
lies  to  the  ventral  side  of  Ihit.    The  condition  it  termed  homocereal. 

Sia/ts. — In  Elnsmobnnchs  the  scales  (pbcoid)  have  thq  form  of  ilun 
l«eth  (dermil  denticles),  lipped  with  enamel,  eared  with  dentine,  and 
based  Hlih  bone  niink  in  ihe  dennlb  They  arise  tram  skin  papilla;,  the 
(ccluleimic)  cpiilermit  fonnins  the  enamel,  the  {rooKidcnmc)  iletmlk 
forminii  il>e  ««(•  It  ban  licen  recently  mainlained,  however,  that  the 
celfxlcrm  futms  most,  if  n>i(  all,  of  the  scHle  (tee  p.  436).  In  other 
fishes  the  scaln  arc  alminl  wholly  ilermic,  in  nwik^  conliBit  to  thoM 
of  Keptiles. 

In  most  TeleiKiouis  the  scalo  ore  soft,  and  the  epidermic  cnvcring  b 
very  thin.  Thej'  are  called  cycloid  or  ctenoid,  u  ihcir  free  mar|;int 
|»«jcctlng  Jiom  sac*  in  the  dermis  ore  entire  ot  noichol.  Bui  liony 
•cues  alhO  occur  in  nuuty  TeleoMc&nt. 

Tlie  stu^ECon  hat  five  row*  of  bony  ileiiriic  plalea  (acutet) ;  the  KalM 
of  the  Bony  Hike  (/-f/wlpicff^), /V/i'/Wrnj.  und  many  extinct  UanoiJs 
ue  covered  with  enamel. 

The  great  interest  of  these  eioskeltial  )ltHcturet  ik  Ihal  those  of  Elas- 
mobra.nchi  are  homologous  with  (eeth,  and  ihni  many  bonf  lotlei  often 
fuse  into  plates,  suggesting  the  inannei  in  whieb  the  mecnbmte  bones  of 
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Uie  d:iill  uhI  pcdcnl  pntk  (c^.,  Ih«  daridc  u(  Bdnf  Fbhei)  sfe 

'  faeliercd  to  have  orWmUcd. 

I  The  *iaipl«M  Icctli  ol  KLiMnotinnclw  m  pndiclj  tiomotocuM  wUi 
dermal  tl«nticl«*.  Rhi  jml  u  llic  tkin  ImOi  MMMtlinet  hue  tai  ipauiw. 
to  U  il  iltu  with  Iheir  honMlogBM  which  (otm  Irae  tvctk.  ConifiMM 
eutfiiilaic  [Mth  in  alurki  viae  tnta  Ihc  twXoD  of  adjaccnl  ttoiplc  cmn. 
Bin  the  fuiioD  miy  ^  fbrUicr  t  *  oampl»  cmduns  <i™tal  flair  najr  bo 
lurmcd  from  Ihc  onlaecnce  of  tcvcral  uicoononal  icctb.  A  futtbct 
3n  io  brooKhl  aboui  hj  (be  nwltlpUcaikm  of  Giii|n  en  w* 
lleMfc-  TlKwhcnaicMMi.  A.Sa>hb  WoodwMdpoaiUOM. 
nmdi  iatttcM.  favcauio  it  i«  by  tatnilar  praotwa  o(  Aiawn  aod  «iF 

I  IDulIiplicaliaa  ihsl  the  coni|4nt  l«MI  of  ivrioiu  Maamali  uiic. 

I      Swim  MadJlr.—Tht  nrim  Uaddn  o(  liaba  ii  one  uf  ttw  financraM 

[«ulgnnithiof  thcKOt.    I(  balscnt  in  EUimobmncb  aad  mm>»c  Tcb<a> 

]lcaM^  nch  M  iDOM  riot  luh,  and  it  totma  ihc  lone  of  DipnoL     t'oUke  *• 

,  hutt  !>  opens  doiMlly  into  the  £«i,  ciccpi  in  MpMol  Mid  the  GaNOtd 
Ptfyfttmi,  where  the  apenuTC  b  VL-nin1.  The  original  duct  eoaUMOfli- 
eating  with  the  cut  may  rcni^  open,  at  in  PhyaoaKnnatoun  TdccalMB*, 

'm  it  ■DBjbecl'-tnlatial'hysocl^ouiTeleoMcaai.  TfacbUilileiUwil- 
atly  aiiigle,  but  it  i>  Juuble  in  PttlPf*4Tui,  I^fidatinn,  and  f^lytnr^u. 
ID  i^ard  tit  the  luc  of  the  luini  bladder,  there  i*  iliB  cuniidecabk 
unccTtamlv.  Where  ii  i>  aUiiidanily  lupfilicd  vitb  Intpiue  ut  paitMNj 
piiiified  IJood,  a*  in  Diftui,  Pefytttrm,  and  ^Mtat,  and  wbtte  the  n** 
within  i*  ptriMUctUy  omplied  ami  i«n«««d,  It  U  dmibttna  R»plr•lor)^ 
But  what  tA  othar  omcs  whore  it*  uiiiplv  of  blood  is  arterial,  ami  irbat. 

\  cuieciaBy  where  it  is  cnlitelgr  cloted  1  In  nich  oaaca  it  it  nnial  lo  >pMk 
or  it*  function  oi  hj-druiiaiic. 

InENMei  detail,  ihe  runclion  of  the  air  kUiildM  ii(i)  la  rendet  ihc 
flih,  bulk  (or  Inilk,  of  the  Mtme  wel|[li(  a*  Ihc  modiuni  In  «  hich  It  liim ; 
ncnoTer  (31  the  volume  of  the  eoniained  n*  variea  urilh  increaied 

'  MOelion  Mill  ibMrptioB,  and  hccm)  to  odjail luolf  la  dlllmnt  ciICrmI 
ptmum  at  Ihe  tnh  dnccn<l3<ir  aicenda.  (J)  In  many  fiibct the  Uaildoi 
niiiy  help  indirectly  in  rQi|Mniiiun  by  storing  the  nipenbanilutcc  of 
o\ygen  iniroduced  into  Ihe  blood  lijr  ihc  gilU.  U)  TTiere  ii  in  levieral 
Telcoatcana,  a  lemukable  connectioa  between  the  mrim  bladder  Mul 
ihe  CM,  aometimca  hj  bo  uilcrioi  noceta  of  Ihc  bladder,  •>  in  Ibe 
linrlns  «n4j>wch-li1ie  tUhct,  iKimelinica  by  »  chain  of  Iwoes,  at  !■ 
SiliuiuK  Tbl*  hu  MigBCRcil  the  ricw  that  Ihc  cunnection  •ervca  to 
make  the  fi«h  amire  of  the  larrini;  leiuioiu  of  gas  in  the  Uaddn,  due  to 
Ihe  \-Brying  h)xln»talic  |)ic*>urc,  a.nd  in  the  same  connection  it  il 
iiiicmtini;  lo  notice  ihv  iheoiT'  thai  ihe  eat  of  5»bn  hiu  to  do  thfiXiBb 
ill  aeniiciTCuku  canal*  with  Ihe  cquilibrallan  and  DriectBlion  uf  iKe 
animal'*  movemcnii.  It  it  alto  wonhvctf  note  thai  thonc  ftc«h  water 
litfaea  (OttariophyidaE),   which   hnve  the  adjuMlng    mechaniun   above 

>  refcmd  to.  haw  a  marked  ateendancy  ovar  all  othM  Cnth  watri  ijicde* 
in  which  tfaii  mechaniini  iaawMitiOf;  (Bridge  and  Haddon). 

Flatfithtf. 

In  illustratton  of  l>iulot(icat  [nublcins,  let  us  briefly  discuss 
some  of  the  peculiarities  or  the  flat  (ishcs  (PI<;uroni.-<;iidae), 


FLAT  FISHES. 


such  as  flounder,  plaice,  sole,  and  lurbol.  These  forms, 
wt  at  once  perccrt-e,  are  flattened  from  side  to  side, — un- 
like the  tikates  and  rays,  which  are  flattened  from  above 
downu-nrdK. 

In  adult  life  the}'  swim  and  rest  on  one  (the  right  or  the 
left)  side,  and  the  hidden  side  is  iinpi|(mcnted.  Moreover, 
the  eye  belonging  to  the  downward  side  has  come  to  tie 
beside  its  fellow  on  the  upward  side;  the  dorK;il  lin  is 
extended  anteriorly,  separating  the  blind  side  of  the  head 
from  that  which  bears  the  eyes  ;  the  inicr-orbiial  parts  of  the 
frontal  bones,  which  should  Ih;  median,  are  bent  to  ihc 
upward  tide  and  <:oni])reiMed ;  and  tliere  may  be  further 
asymmetry  in  the  skull,  as  in  the  greater  develo]>mi;nt  of 
jswi  and  teeth  on  the  downward  side.  'J"hc  skin  c)f  the 
downward  side  has  an  opaque  rcDecting  layer  (argenteum) 
and  minute  rcilectingclemencs  (iridocytes),  but  no  pigment 
cells  (chroroatophorcs) ;  all  three  contribute  to  the  colour 
of  the  upturned  surEice. 

In  early  life  the  lan-."e  swim  for  some  lime  near  the  surface, 
xnd  in  the  normal  ]>osition,  with  the  dorso-ventnil  plane 
vertical.  Then  they  have  an  eye  and  chroma tophorcs  on 
each  side.  As  they  grow  older  ihcy  cease  lo  swim  vertically; 
one  eye  begins  to  move  round  the  edge  of  the  head  (in 
P/ajmsia  tknmgh  an  anterior  extension  of  the  dona!  fin); 
the  body  is  held  in  a  slanting  position  so  that  the  line  join- 
ing the  eyes  is  kept  horixonlal;  more  or  less  rapidly  tlie 
slant  increases;  the  lower  eye  geu  quite  round  to  the 
upward  side ;  the  chromatophoret  on  the  shaded  side  dis- 
appear ;  and  the  fish  rests  and  Jiwim.t  on  one  ^ide  at  (he 
bottom.  In  the  turbot  the  right  side  is  normally  downward ; 
in  the  flounder,  the  left  side,  but  reversed  specimens 
(especially  of  flounder)  often  occur.  Occasionally  these  flat 
fishes  arc  pigmented  on  both  sides,  and  then  il  b  some- 
times noted  that  the  migrating  eye  has  not  completed  its 
i»ovemcnL 

Turbot  and  brill  (spi^ctes  of  XAotniia)  have  a  well 
developed  swim  bladder  during  metanorphosi)^  and  swim 
near  the  surface  until  the  change  b  almost  complete ; 
lloundcr  and  Other  tjiecies  of  PtatrQntda  have  no  swim 
bladder  during  metaniori>hosis,  and  begin  to  lie  on  the 
bottom  almost  as  soon  as  the  change  commences. 


s» 


f/sffes. 


So  far  some  of  the  more  imfionant  focts, — what  of  their 

interpretattoD  ?    That  these  asymmclrical  fonns  have  been 

derived  from  symmetHcal  ancestors  is  plainly  suggested  by 

their  development.     Of  the  original  cause  of  the  asymmetry 

we  are  quite  ignorant.     Did  changes  in  the  conditions  of  life 

induce  the  ancestral  forms   to   leave  the  surface  for  the 

Lbottom  ?    Or  wa.s  tlie  change  due  to  certain  pecutiarittes  of 

itnicture-  -rwiuiring,  of  oouncc,  j>rcviou»  ex[>lnn.ilion — such 

Kx  the  great  depth  of  the  body  and  the  dq^eneiation  of 

'the  swim  bladder?     Or  did  both  these  causes  operate  *l 

once? 

But,  supponng  we  had  atuined  to  some  clcamess  in 
regard  to  the  change  of  hstHUt  and  toss  of  ^-cntcal  balance, 
we  should  then  have  to  consider  the  iwt&ling  round  of  the 
duwnwuid  turned  eye  and  the  absence  of  pij^aiait  cells  on 
the  downward  side. 

As  to  the  change  of  the  eye,  it  mayl>e  said(i)that  this 

has  gradually  resulted  from  the  efforts  of  the  fish  to  continue 

,  to  use  the  lower  eye.  a  possible  iiitcrpreiation  if  acquired 

'  characters  caii  be  transmitted.    (2)  It  may  be  said  by  those 

I  who  do  not  believe  in  "use  inheritance"  that  the  twisting 

round  of  the  lower  eye  is  not  a  result  of  a  transmitted  growth 

tendency  at  all,  but  it  wrought  out  byelTbrt  in  each  genen- 

tion   Jf  novo.     Hut   young    turbol  and   brill   have   nearly 

completed  the  twisting  round  of  the  lower  eye  long  before 

they  have  abandoned  ibeir  pelagic  habit.     (5)  It  may  l>c 

said  thai  the  twisting  round  of  the  lower  eye  arose  as  a 

ktfcrmina]   variation,   apart   from   any   direct    inHucnoc   of 

*  function  or  environment,  and  that  it  has  been  retained  and 

strengthened  in  the  usual  course  of  natural  selection. 

Again,  as  to  the  absence  of  chromniopho<re»,  it  may  be 
(uppoeed  that  this  also  is  a  useful  adajitive  character  per- 
sistent as  the  result  of  selection,     Bui,  apart  perhaps  from 
[economy,  it  is  not  e\-idcnt  in  what  the  advantage  consists. 
[It  Bccms  mote  likely  that  ihc  under  surface  is  unpigmcnted 
lusc  it  is  shaded,  and  Mr.  J.  T.  Cunningham,  who  has 
pdevoted  special  attention  to  the  problem  of  flat  fishes,  has 
^proved  experiinent.ill)'  tlui  anifieial  illumination  of  the  lower 
sides  by  means  of  n  mirror  induces  the  development  of 
pigment  cells.     It  itmst  be  noted,  however,  that  pigmenta- 
tion of  both  sides  occurs  also  as  a  natural  variation. 
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Semta,  &c. 

Fi&hcs  do  not  seem  to  have  much  sense  of  taste  or  of 
smell,  but  diffuse  sensitiveness  to  touch,  chemical  slimuli. 
&c.,  is  well  de\'cloped,  especially  on  the  head  and  along  the 
lateral  line.  Though  there  h  no  drum,  and  the  ear  b 
deeply  buried,  they  certainly  hear;  ihu*  there  are  well  known 
ea:ief  of  tame  fikhes  coming  to  the  nuund  of  a  bell  or  voice. 
Experiments  have  led  some  to  believe  that  the  semicircular 
canals  of  the  lish's  car  arc  indispensable  in  the  direction 
or  equilibration  of  movement,  and  it  is  obvious  that  this 
funaion  is  more  important  lo  a  fish  than  the  luxury  of 
listening.  But  the  results  of  experiment  arc  still  somewhat 
diacordiint.  I'he  sense  of  sight  is,  on  the  whole,  well 
developed.  As  to  the  intellectual  powers  of  their  small 
brains  we  know  little,  but  many  xhow  quicknesH  in  percdviiig 
fnentU  or  foes,  and  many  of  their  instincts  arc  complex. 
At  the  breeding  season  there  is  sometimes  an  elaborate 
expression  of  excitement,  veil  seen  in  the  stickleback. 

Rtproduftion. 

The  sexes  are  separate,  excc^it  in  Chrytopkryi  and 
Sfrmnui,  two  hermnplirodite  bony  fishes,  or  when  abnor- 
mal hermaphroditism  occurs,  as  in  herring,  cod,  mackerel. 
In  many  cases  the  males  are  smaller,  brighter,  and  less 
numerous  than  the  females.  Courtship  is  illustrated  by  the 
sticklebacks  (GatUrosleHs,  Kc),  the  paradise  fish  (Maera- 
podut),  and  others,  and  the  bent  lower  jaw  of  the  male 
salmon  reminds  us  that  some  male  fishes  fight  with  their 
rivals. 

Most  Fislies  lay  eggs  which  are  fertilised  and  develop  out- 
side of  the  body.  They  may  be  extruded  on  gravelly  ground, 
or  sown  broadcast  in  the  water.  Sturgeon,  salmon,  and 
some  others  ascend  rivers  for  spawning  purposes,  while  the 
eels  descend  to  the  sea.  In  the  case  of  trout,  Barfunh  has 
observed  that  tlie  absence  of  suitable  spawning  ground  may 
cause  the  fish  tu  retain  its  ova.  This  results  in  ovarian 
diseiu<e,  and  in  an  inferior  brood  n<;xt  season,  a  fact  which 
should  be  compared  with  what  Hertwig  has  ohsen-ed  in 
regard  to  Echinodcrms,  that  ova  which  are  retained  lieyond 
the    normal   period   become  over   ripe  and  pathologicftL 
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Rxceiit  in  Eliismobmnchs  the  cn-a  are  Klaiivdy  small,  and 
large  nunibcn  arc  UMially  Inid  at  once.  In  EUsntobrancb^ 
the  egg  i%  laigc,  and  in  the  oviparous  gcnL^.i  it  is  enclosed 
in  9  "  mcTmaid's  purse." 

Most  sharks  and  a  few  Tclcoatcans  arc  viviparous,  the 
eggs  being  hatched  within  the  hody  of  the  mother, — in  the 
luwer  part  of  the  oviduct  in  sharlc.i,  in  the  uvary  in  Teleos- 
teans.  In  two  of  the  viviparous  sharks  {SfusUltit  /avis  axKl 
Cartharias  gAniai)  there  is  an  interesting  union  between 
the  yolk  sac  and  the  wall  of  the  oviduct,  which  should  be 
compared  with  a  similar  occurrence  in  two  lixaids,  and  with' 
the  placenta  of  most  MammaK 

As  to  fertilisation,  the  usual  process  is  that  the  male 
deposits  spermatozoa  or  "milt"  tipon  the  laid  eggs  or 
"spawn,"  hut  fertili^lion  is  of  course  internal  when  the  egg^ 
are  enveloped  in  a  firm  iliuatti,  or  whi^n  they  arc  tiaiched 
witliin  the  mother. 

Most  l-'iihes  have  a  great  number  of  offspring,  and  ]>armtal 
are  is  proportionately  little.  Moreover,  the  conditions  of 
their  life  are  not  suited  for  the  development  of  that  virtue. 
^Vhen  it  is  e.<(hibited,  it  is  usually  by  tlic  males, — witness  the 
sea  horse  {Hif/pixamfmt)  ai)d  the  pi|)e  tish  (^itgnathti), 
which  hatch  tlie  egg*  in  external  pouclies,  and  "the  male  of 
some  species  of  Ariuk,  who  carries  the  ova  about  with  him 
in  his  capacious  pharynx."  The  female  of  Atfrtdo  carries 
the  eggs  on  the  tmdcr  surface  of  the  body  until  the)  are 
hatched,  much  in  the  same  way  as  the  Surinam  toad  bears 
her  pro^ny  on  her  back,  while  in  iMtMostoma  a  pouch  for 
Ibc  eggs  is  formed  by  the  ventral  fins  and  skin.  At  le:ast  a 
dofcn  kinds  of  ^^hes  make  nests,  of  which  the  most  familiar 
illustration  is  that  of  the  male  stidcleback,  who  twines  gran 
stems  and  water  weeds  together,  glueing  them  b^-  mucus 
threads  exuded  as  semi -pathological  prodtKls  from  the 
kidneys,  which  are  compressed  by  the  enlarged  male  otgano. 

Fishes  have  a  less  deAnitc  limit  of  growth  than  owst  other 
Vertebrates,  and  it  is  rare  for  a  fish  to  exhibit  any  of  the 
senile  changes  associated  with  old  age  in  other  Vertebrates. 
But  surroundings  and  nutrition  affect  their  nte  and  colour 
vcT)'  markedly.  Some  marine  forms,  such  as  flounders,  may 
survive  being  shifted  to  fresh  water,  while  others,  such  as 
salmon  and  sturgeon,  [kus  from  sea  lu  rivers  at  ^wning 
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time.  But  mail)'  are  sensitive  to  changes  or  medium. 
Many  can  enduie  prolonged  lasting,  and  -tome  may  survive 
being  froxKH  sliff.  Lowered  temperature  may  induce  torpor, 
ss  seen  in  the  winter  slci.-p  of  the  pike,  while  in  the  dry 
season  of  hot  countries  the  mud  Tishcs,  the  Silurolds,  and 
others,  encyst  themselves  in  the  mud,  and  remain  for  a  long 
lime  in  a  state  of  "  latent  life." 

Iitler-rtlationi. 

Commcnsali&m  is  i)Iu»traied  by  some  unall  fiihes  which 
shelter  in.side  brge  sea  anemones,  and  liy  Fitrasftr,  which 
goes  in  And  out  of  .ica  cucumt>ers  and  mc-<Ius:e.  On  the 
outside  or  about  the  gilis  of  Ktshes  parasitic  Crustaceans, 
fish  lic«,  arc  often  found  :  rarioiis  I'lukes  are  also  common 
cxicrnat  parasites,  and  many  Cc^todcs  in  bladderworm  or 
tapeworm  stage  infest  the  viscera.  The  immature  stages  of 
Bothrmtphaiits  talut  occur  in  pike  and  burbot ;  a  remark- 
able hydroid  (P<>fy/^ium)  is  parasitic  on  the  eggs  of  a 
sturgeon ;  the  young  of  the  fresh  water  mussel  are  tem- 
porarily parasitic  on  the  sticlcleback  ;  and  the  young  of  the 
Bitlcrling  {Hhodeus  amarus)  live  for  a  time  within  the  gills 
of  fresh  water  mussels. 

iMifritMUfi  m  iyiM--— Tlicfc  ara  about  3J0o  hiiccicx  of  frcth 
wain  liihn,  three  in  Ibni  l>ipri"l.  iluul  thirty  GaiiMcl^,  snil  ihc  rot 
Teicotteonf,  over  *  hiif  liciiii;  Incluitcil  in  Ihc  (wo  £iniilin  of  rarjn 
(Qrprinidic)  md  cm  (i)h«K  (Silurid-i.'). 

Anraig  marine  liihc^  nboui  jjoo  ipecici  ficoueni  the  eoaiii,  rarely 
dcMKidinc  liclow  joo  fBlhomt.  A  much  smaller  numlicr,  including 
many  ihark&  tii-e  ami  uiudiy  breed  in  the  open  mb.  About  loo 
gcncri  have  t<cn  rccflidcrl  bom  crmi  dcplhi. 

In  tteuii  10  the  Inxi.  Dr.  Giinincr  hai  shown  thai  In  form*  living  at 
(hplba  fram  So.ioo  fulltuiiip.  Ihc  eyct  tend  lo  be  Uiwi  than  utual,  u  Lf 
to  make  Ihc  in»t  of  Ihe  icant^  light ;  livyond  tn«  aoo  hthom  line 
tinali-cycd  Ibtmi  occur  with  h^hly  devdopwl  oigani  vf  (nuch,  and 
buice-ejvd  fDrini  which  have  no  nich  organ*!  but  amn  to  follow  the 

fltanu  of  "  phoaphorocenl "  oi|p(ui  finally,  in  the  CTp»te»t  dcpihi 
Ijnd  Aihci  oocui  with  rudimentary  orpn>.  Manv  of  thae  abjuol 
fiditt  arc  jjhoijihoiocenl  i  (he  colouring  is  uiuolly  limplc,  motlly 
blackUti  or  tllvciy ;  (he  iikln  r>,adci  much  mucui :  ihe  skeleton  tcn^ 
to  be  light  aO'i  lirittlc ;  the  foimi.  bic  often  ray  quaint :  the  iliet  ii 
neccuaiily  caniivuroiM. 
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The  rehlwmships  ^  Hthts. 

Salfbuf  (q^arilcil  the  Rlunatsaftelit  s>  iwami  ibc  Moawl  stock  : 
whUe  6«m  Inpothcdnt  l>rn«<k.C;uioJdt  he  derived  on  (be  one  faaod  U>* 
DtpBoL  on  (h*  ulhrr  lurn-l  (hr  GuiokJs  wd  tbcnce  lh«  TcImMcmm. 

Bat  H  MnM  Ik  auitd  Itui  the  IMpooi  ue  Baifceclhr  >ri»m*d  is  ensajr 
m]r(  friMB  ti*iif  CanoMti  Mo««ov«r.  ibc  cxtinO  uanoidt  fe«m  m  my 
luge  and  divenc  <cri«>,  whkb  ouuMt  be  Urhr  apfrcdUed  1^  •  ii«ili' 
of  )he  l«w  (utiiron.  Not  doa  the  patxoolaiogical  cndenot  deu  obi 
the  tc|a>n(ene«  ol  Tcleoucani  and  Guuildi. 

Gnnihcf  illMlneuWie*  the  «ub-chus  Telmaici  fmr  the  nb-dus 
?iteklMh]<n,  Iwlndini;  und<T  (be  latter  tbc  Choniho|)CcinU  (Efaaao- 
twuidi*  and  FlolaorphaU)  ud  the  Ganndei  <ilons  irHh  wbkfe  DipiKi) 
nre  nnked).  As  two  othei  nib-ckuw*  of  FUbe^  be  tecagnbw  tbc 
CgrclMtuinau  ind  Ihc  Leplocatdii  iAmfiUnuy 

Beud  prnpma  the  fell<ninK  clauiliauiea  of  Ichthfopiid^  mirttiy 
e«peeUI1y  on  the  ic)»nitcncu  of  Dipani  from  GniMidik  and  on  that 
noufifM  In  AmphlbuuK : — 

(Maniiiolmnchii  (CrctOHomau). 
GsMfilei. 
Telooatei. 


CHAPTER    XXni. 


CLASS  AMPHIBIA. 


Order  I.  Labvmnthodowtia  <n  Stecocbphal*  (extinct), 
n,  GvMSOi'HioNA  ot  Apoua  (a  »Toall  ordct), 

III.  Uroiikla  oi  Caudata.  '.;..  NVwU  nnd  .'ialninandcH. 

IV.  AKCIRA  ai  CcAUtiAl-A.  cf.,  FfOjif  and  ToadA. 

Amphibians  rq>r»ent  in  the  evolution  of  Veriebrates  those 
forms  which  mntk-  the  transition  from  ac[Uiitic  to  lerrestrial 
life.  Iiul  have  lagged  n«r  ihc  water.  Certain  icquisitions, 
such  a-s  lunca  and  a  ihrcc-chambcrcd  heart,  gained  by  the 
Bipnoi,  ate  nere  firmly  established.  The  race  has  dwindled 
in  :ti/e  of  body  since  the  early  days  of  its  beginning,  but  it 
scctii»  lo  have  been  [progressive,  for  .^mphibianit  are  not 
awanting  in  .iRinitics  wtih  Keptiles  or  even  with  Mammals. 

CiE.VKKAL  CiiARACTicks,  — /4»i/A*i4i'rt  art  VtrttbraUi  in 
ivkUh  the  viictral  arches  of  the  hrvit  itimost  always  fitar 
gi//i,  tvAirA  may  he  retained  throughotit  iije,  though  Ike  aduUs 
always  possess  Junetional  lungs.  When  Umhs  are  present 
they  txhihil  distintt  digits,  and  conform  fa  the  same  type  at 
those  of  higher  Vertebrates.  Although  unpnired  fins  are 
frequently  f  relent,  holh  in  larr'al  and  adnlt  life,  there  art  no 
fin  rays.  It  e.xisling  forms  there  is  rarely  any  t.KosMeton, 
but  some  extinet  forms  veere  furnished  with  an  artnoitr  of 
bony  plates.  The  heart  it  three  ehambered,  having  two 
aiirielei  and  a  ivntriele.  The  gut  ends  in  a  eloaeal  ihamber 
into  u'hith  the  urinogemlat  duets  c/tn.  A  bladder,  whieh 
grows  out  from  the  hind  region  of  the  gut,  is  probably  homo- 
iegout  with  the  allantois  of  Ike  embryos  of  higfter  Vertebrates. 
3lK  ova  art  small,  numerous,  usually  pigmented,  and  with 
yolh  towardi  one  pole.  Thty  are  aimott  a/tt-ays  laid  in 
water;  the  segmentation  it  holohlaslit,  but  uneiptal.  There 
is  often  a  marked  metamorphosis  in  development, 
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!luiW  wKi  thr  Rni  li>  frcogniw  ibc  affi'iitirt  IwlvwM  fbfaM  utd 
Aiiipliiliiini,,  acid  (<>  unilc  llir  t««  cluici  unHei  ihc  lilk  IchttMptMft. 

Of  ihe  commorn  chanulns  of  Ihc  tuo  cluitct.  we  tnny  rmpnuite  the 
foltowing :— plU  nre  alwiyi  prctcni,  liut  nuy  lie  (eMticint  to  ihi-  lirral 
«lagn  :  there  \\  nu  amnion,  and  at  mail  ii  hi>molo|^c  of  (he  alloaloli ; 
there  ore  iRlenLl  teniory  Mrucliitet,  (uch  u  ihc  "  liraiichUI  lenic- 
oi^ftns"  and  iliose  of  ihc  "  lateral  line,"  liut  iheu;  may  be  dimlnbhMi 
In  the  a'lultt ;  un|aiic<l  finn  urn  almou  »twayt  rcpra*onl<Kl,  bat  nay 
not  prnUt  in  the  ailult  life. 

Kiom  the  hiuhcr  ^'ertebnla  or  Amniola  the  Ichlhyopuik  aie  ckartjr 
(Hdinguiihcd  bf  the  pmcncc  of  ^lU  (in  youth  at  Iciut)  and  by  (be 
absence  of  amnion  nn'l  ullniiloii.  For  though  the  bloddei  of  Amphi- 
hiani  mnybehoniolojfoiuwilhiiii  allantoic  outgrowth, it  doet  not  lunctloa 
01  tuch,  i^.,  it  liars  not  aid  in  Ihr  ick[ii(atlnn  at  the  nutrition  of  the 
embryo. 

It  JH  more  riilKcult  lu  di*iin|tiii*h  between  Finhcs  and  Amnltihiant, 
mont  e*l>ecially  if  we  include  Ihe  Dipnoi  in  the  foDner  class.  Tlic  moxt 
obvimit  dilTetencei  arr  the  alsence  of  lin-rayi  and  the  derelopmeot  of 
finpri  and  toci.  In  the  following  lable  the  two  clauis  arc  iM<n- 
inutcd  :— 


Pima> 


Oilli  pcniil  tlir«ujt1>au<  life. 

Tb*  «wtm  tjluJcllr  fuficlion*  at  ■  lun^  lo 
Diprivl  And   t«4  iijurVntty  iji  tuiiie 

l«V  (iniililanirg  If,  itljihl. 
The  bcwt  u  IvixlufntcrtdfLfKLiiiieiiTy 

limt^uiDbcRd  ID  Dipnoi)     Tlivn 

l>  no  inftriorviiu  Mvi,  impi   in 

Dipnoi. 
The  limba  art  fini. 
Tbi  unp&lnd  Afn  or*  tuppon«d  hy  An 

The  akull  bu.  in  moil  eua,  oa*  oed|iiUl 

Thtr*  th  umrilly  an  fvinVrlvlAn  nr  >oil»4 

Dl    tCUfjCL 

Ktcepi  \Tt  liipnoi,  tilt  luial  ha  Oa  i>oi 
>>]Hn  pnivrtofty  imo  the  n«uth> 

Tbm  ii  110  ccruEii  bamulacne  af  ilu 
ftilkhieia. 


Aurlllnall*. 


OJ11>  miir  riiuppnr  u  ihe  adnll  foini  |i 

Luni>  on  il  w*»  ilmkipBl  hi  tiit  (duln. 

li    it   douWu]    «l>tihfr    ihey    vc 

illn>i:ily  oMijunhli  •villi  ih«  nin 

bliddcr, 
ITie  hran  hiu  (hnc  diAinbvr^     Tlure  it 

>n  lnfni«r  mia  uv^ 


TIm  Umbi  b»ve  dltlK. 
'Hierc  Me  nu  Ah  r*yi> 

Th*T*  HI  ivD  «Ri|iiiaI  eondjln. 

TliETe    ii   ne  umliilMcin,  nc*|H  hi  a 

fc*  caixfiioml  cuici,  ud  in  eikiincc 

forini. 
Tlini  are  pwttrtor  (laiM  epenlag  bM 

llic  otvlcy  «( ibc  neuth. 
Tlia  tilarfdtt  •«*iiH  u  be  1^  boninlofluc 

•fiht  ■iiuioti. 


TTk  Prog  at  a  type  of  Amph^ans. 

The  cotiitiion  British  frog  {Rana  kmfi^raria)  and  the 
frequently  imuortct]  C«iitinental  spt^os  {M.  etewtcitta)  agree 
in  csscniisl  lc;ituri.-s.  A  black  jutch  on  Ihe  ude  of  the 
head  behind  Ihc  car  distingui«ht»  our  Britwh  s[kicm:s;  the 
nuttcs  of  the  edible  frogs  have  special  nrsonxting  sacs,  and 
thtne  Jtre  other  trivial  diScrcncu. 


EXTERNAL  PRATVRBS  OF  FHOG. 


SJi 


Though  aqtutic  in  youth,  fro^  often  live  in  dry  places, 
hiding  in  great  drou(;ht,  rcappcaiiitf;  when  ihc  rain  returns. 
Piveryone  knows  how  they  sii  with  hiim]>ect  iiack,  how  ihey 
leap,  how  they  swim.  They  feed  on  in»eas  and  vlugs. 
These  nrc  caught  hy  the  large  ri.tcid  tongue,  which,  being 
tixcd  in  front  of  the  mouth  and  free  behind,  can  be  jerked 
out  lo  fiomc  distance,  and  with  even  gceaicr  rapidity 
relraclcd.  When  we  watch  a  frog,  we  sec  that  the  nostrils 
arc  alternately  opened  ajid  closed,  and  that  the  under  «de 
of  the  throat  is  rhythmically  expanded  and  compressed,  the 
mouth  remaining  shut  meanwhile;  the  movements  are 
evidently  connected  with  respiration.  That  the  males 
trumpet  in  the  early  spring  to  tncir  feebly  responsive  mates, 
that  in  our  British  ^pccit^'s  the  pairing  l^kes  place  soon  after, 
that  the  young  arc  tadpoles,  that  a  noiable  metamorphosis 
lakes  place,  arc  familiar  facts  of  observation.  In  winter  the 
frojjs  hibernate,  buried  in  the  mud  of  the  pond,  and  breath- 
ing through  their  skin. 

Fortn  and  Rxtema!  Ftatiirts. 

We  notice  the  absence  of  neck  and  tail,  the  short  fore- 
limbs  almost  without  thumbs,  the  longer  hind  Iiml»  n^th  five 
webbed  naillcss  toes  and  with  a  long  ankle  region,  the 
apparent  hump  back  where  the  hip  girdle  is  linked  to  the 
vertebral  column.  There  is  a  very  rudimcntar)'  thumb,  and 
there  is  a  horny  knob  at  the  base  of  the  hatlus  or  "  great 
toe."  At  pairing  time,  the  skin  of  the  first  finger  is  modifiL-d 
in  the  males  mto  a  rough  cu^iion,  darkly  coloured  in 
H.  lempararia. 

We  see  the  wide  mouth,  the  (wired  nostrils,  the  projecting 
eyes,  the  upper  eyelid  thick,  pigmented,  and  almost  im- 
movable, the  lower  scmi-trnnsparcnl  and  moving  very 
freely,  the  circular  dnim  of  the  car,  the  smooth  skin,  with 
patches  of  a  deeper  tint  on  its  yellowish  ground,  and  the 
slightly  dorsal  cloacal  aperture. 

Skin. 

The  smooth,  moist  skin  is  but  loosely  attached  to  some 
parts  of  the  body ;  it  consists  of  an  external  two-layered 
(eciodermic)  epidermis,  and  an  interna]  (mesodermic)  dermis. 
'I"hc  outer  layer  of  the  epidermis  is  -ihed  periodically.    'Hie 


AMrmatA. 


demtu  (fiffm  msriccdly  fron  that  of  a  fish,  for  tbete  it  no 

CJKMhietoo,  but  thtt  was  preacM  in  Oie  extinct  Labvrinlfao- 

donts :  Ihoe  axe  mmJtiaiMmr  ghndt,  whOK  •eaebon 

the  ikin  mcMH ;  and  (h«re  b  i  Xatnn  of  iwatripcd 

fibtes.      In  the  dcTmix  theic  an  also  *ifi*K^>wl 

ceUi.  uMnllf  in  twu  stnta.    Thtoo^  a  reflex  iiemasi 

tibejr  are  shgbily  affected  bjr  the  colour  of  the  i 

Ibe  pigncst-btariag  inienial  cdl 

substance  COatiKlilig  or  expaodiii^ 

itnd  thus  producing  coloor  change; 

'IlicTc  3[i;  cutaiKoos  Uood  vessels, 

bjr  means  of  which  the  Erog  can.  to 

a  cenain  extent,  breathe  bj  its  ddn. 

The  tadpole  has  sensory  cells  «r- 

nngcd  in  distina  Uieral  lines,  but 

of  Oetc  Ibe  adult  retains  no  definite 

trace,  though  diere  are  manjr  ncrvc- 

endings  and  "touch  spots"  En  the 

tkia 

The  vertcbnl  eohumi  consists  of 
Otoe  vertebra:,  and  an  nnsegiaefMcd 
pottioo  called  the  tuo5t)>le. 

The  first  verteba  beustwoboeia 
for  the  two  cood^es  of  the  d:ull 
and  an  odontoid  process  which  lies 
between  Ihc  condyles.  lu  arch  is 
incompletely  oscificd.  Fjch  of  the 
next  six  has  an  anicriorly  concave 
or  pToocelous  centrum,  a  neural  ardi 
surrounding  the  qiinal  cord,  a  trans- 
vcne  process  from  each  ^de  of  the  base  of  the  arch,  as 
aDterior  and  a  posterior  pair  of  articular  psooesses,  and 
a  short  t>e(ira)  spine.  The  eij;hth  rertebn  has  a  biconcave 
or  anphioolous  centrum.  'Ilic  ninth  is  convex  in  ftont, 
with  two  convex  tubercles  behind,  and  bean  large  trans. 
Tcrte  processes  with  which  the  hip  girdle  articulates.  The 
UTOstyle  has  anicriorly  a  dorsal  arch  endosiag  a  prolooga* 
tion  of  the  spiiul  cord,  but  both  arch  and  nerve  con! 
disappear  posterkitly.     The  notochord,  around  which  the 


Fic   17s.  — Vcttrfaa) 
cokoM  mk)  nriric  niUe 

L*.  Tn»i—  war— I  af 
f»y*truteB:AiaHI  o. 
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SKMLSro/f. 


vertebral  column  has  developed,  U  filially  represeiiled  only 
by  vestigeK  in  ihe  centra  of  the  vcilebrae. 

The  skull  connNtv  (a)  of  rhe  perxistcnl  parti  of  the 
original  cartilaginous  brain  box  or  chondroctanium,  de- 
veloped, as  in  the  skate,  from  parachotdah  .-ind  trabcculic, 

plus  nasal  and  auditory 
capsules;  (b)  of  ossifi- 
cations  of  parts  of  tlie 
chondrocranium,  cartilage 
bone* ;  {<)  of  membrane 
or  investing  bones ;  and 
{</)  of  associated  risceral 
arches. 


Ptn  of  (he  chcndroctanium 
pcrMiii  Rt  on  cncucmcni  uf 
Ihc  brain.  Tuxi  cxocdpilaU 
bounilmi;  ihc  foTuncn  macnum 
«nil  furiiiiiig  ihc  condyles,  two 
pro-uiifs  or  oamlicalioiu  of  (he 
original  ■udi(Dry  capMile^  and 
tn  nn  paired  xphenethmoid 
roniilni;  the  fronl  of  ihe  bnUii' 
taw  air  culilftec  hoae*.  Two 
|»rii'lo-froii(alB  alM  Iwii  niuilt 
aliovi'.  n  purvd  vuniLt  mu\  an 
unpaired  dagger  ihapcil  (oni- 
«pn«nMd  benoilli,  and  two 
iKIeral  hammer  shapeil  sjiu- 
mouU  MO  membrane  banok 
There  la  no  bMliphenoid  otat- 
iScaliun. 

TO(hese  areaitdeil  Ihe  inull 
pre-muill.-e  in  the  vet)-  (loni 
of  ihe  (hull,  (he  li^ng  miuillte 
on  each  tride.  the  ijumjrato- 
lu|^»  wliieh  continue  the 
taller  to  the  minule  nijdiile 
which  represents  the  quHdralc 
bone. 

On  Ihc  roof  of  the  moulh, 
olcndinif  froni  ihc  ([uadnttc 
fcwwsrdi  u>  ont  the  vomers. 
nre  Ihe  iriindiali-  iilerT^^di. 
while  at  ti|;ht  anglei  lo  tbe 
pntatphcDuid   and   behind   the   vnineni  ate  ihc 


KiG,   176.— .Skidl   of   Fnig— upper 
and   lower   surface.      (After  \V.    K. 

I'AHKKR.) 


.V,  mM' 


r-»».    jrpTiii'Liiipj, ,    .,.  nnni  ,    .if,    mM' 
MIa;   S^.  ■■}uinio44j ;   0j,  qublrvo-JuaAl ; 

A/A-A.  «plipnTllilnDJi]  !  /*.^.,  pro-oliC- 
Eavtp  turfaue — 

n.  ptnapluMiU:   /•-O..  proiHU-i   S/.H, 
•phcntihimid  ;  /•/,  jMUiim  :  ( ',  vumcr ;  «. 


anterior  end  of 
polatiitc*. 
Eaeh  half  of  the  lower  jaw,  based  on  Mcckd't  cnrdL^,  eomlib  of 


AMPiUBIA. 


three  picoa,— (be  laical  *a  atiicukf  wigwio-iptcnial,  ouuide  ifaii  a 
Ihia  dcnuiy,  and  anteriorly  uniting  with  iu  fdlow  *  maiMe  aaenlo* 
mockctian. 

A  detieuc  rod— the  colauMlla  Miri»— mtenib  Irani  the  iTntpaaaH  to 
the  feoMtn  oralii  in  tbc  iolnnal  tsMuk  of  tbe  cu.  AccwdlaK  to 
Pwltcr,  ti  reprasmii  the  npfxt  pMt  M  Ibe  bjpoid  uch.  ibc  bwrr  portion 
of  which  ronni  tbe  cattilaraniNU  a*  pntialty  ooalied  h)YiiJ  pUlCi  w)ikc)i  lici 
in  tbe  floor  of  the  moutn  and  b  produoed  into  two  anteiior  ami  iwo 
pwtarior  coftma.  Accordin);  In  Vill j.  howcvo,  the  columelb  b  motpbo- 
lo^^lljr  CMHUCttd  with  Ihr  car  captulc. 

The  tcMb  aic  bofar  bf  the  prenauLiHar,  nuuilbc,  and  vtHDerv 

There  a  no  pwietol  (cnwnen.  but  in  t^  LabyrialhoikinlB  il  b-  always 
Jitliiict,  nod  the  pineal  bodjr  is  nippoiecl  lo  have  been  well  de- 
veloped. The  forimen  ii  alw  very  distincl  to  some  i^  ilw  entiacl 
Ganoid  Fiihes. 

The  cartilage  which  bean  the  iioodrate  at  ht  lowe*  eitd,  and  nms 
between  ptcrradd  and  nquamowl,  conBccili^  the  articulation  of  tbe 
lower  i*w  wJU)  the  side  of  the  skull  nt  llic  auditory  cacMilt,  I*  callod 
the  sutpenaoriuni.  In  Cbsmobrancliih  the  hyomondilHilai  U  tbe 
nuntuctiuin :  in  Teleotleani,  the  name  is  applied  lo  the  hj^omandlbulat 
and  tytupleclic :  in  Sauropnda.  the  ljuadtnte  aocMOonally  geti  the  uune 
confiuing  title. 

When  the  lower  jaw  it  connected  with  the  kLuII  wholly  byclcmentt 
of  (he  lijroid  arch,  ai  in  mcnl  Elumobnnchs  anil  Uanoidii.  And  all 
Tl^COiMam.  the  leim  hymirlic  i^  died.  When  the  connection  is  due 
10  %  quodraie  element  only,  u  in  Amphibin  nnd  Sauropuda.  il    u 


I  wrhatw  i 

term  amphistylic  ii  used.      Kiinilly,   tt   wexf  be  noted   hetc  th«  in 
ManiinalB  the  lower  jiw  oiticiilatB  nilh  the  tuuamoeal. 
The  Gm  or  muidibuliu  arch  sivci  origin  infcriorly  to   Medel'i 
oaitilage,  which  f<iro»  the  Imiii  and  peniiieni  coir  of  the  lower 

tw,  and  (upeiiaily  to  the  palaio-i>tci}|g<i.<]uadnue<tuillage  which 
repr«unccd  in  Ihc  aduli  by  the  minute  qoadmte  bone,  \f/  the 
fUtpCOMriai  cartil.ige,  nnti  by  ullicr  cartilage*  which  are  Invented 
bj  the  pteiycoid  ind  palatine  bonei. 
The  second  ot  kyuid  nrch  Ei^<3  origin  inferiotly  to  the  hydd  ]■)■!«( 

wpciioily,  according  to  Parker,  to  the  columella. 
Of  the  (bni  |io»tcrlor  brandiinl  irchi»,  there  are  In  the  adult  lome 
pertiilem  rrmnantx,  t^.,  in  the  larynx. 

Tht  Limls  and  Girdlts. 

Tho  shoulder  girtlte  consists  of  a  donuil  poRion~the 
(Capuh  And  the  pnrtinlljr  carti Ins' nous  Mipra'Sati>uln,  and  oX 
R  wntTRl  jxinion— the  comcoid,  and  the  clavicle,  and  Ihe 
canilaginous  prccoiacoid  on  which  the  cUviclf  hcs.  There 
is  some  unccTtaint)',  liowcvtrr,  it)  regard  to  the  fclalions  of 
the  last  two :  according  to  ot>e  view,  tlie  clavicle  is  unrqire- 


THR  LIMBS  AND  GIRDLES. 


MDled.  The  glenoid  aviiy  with  which  the  humerus 
articulates  is  formed  u  usual  by  the  jutiction  of  scapula 
and  <;oracoid. 

Uctwccii  the  median  ends  of  Ihc  coracoids  lie  two 
caitiUginous  cpicoracoids,  behind  which  \%  a  bony  pait  of 
the  sternum,  prolonged  poHictiurly  into  a  notched  cartila- 
ginouK  xiphiiienmm.  Anteriorly  lies  a  liony  |)orlion  called 
the  omoslcrniim,  which  i.s  prolonged  furwartk  into  nn  epi- 
nemum  cartil3|;e.  This  sternum  docK  not  ansc  like  that  of 
higher  Vertebrates  from  a  fusion  of  the  ventral  ends  of  ribs, 
Indeed,  there  arc  no  ribs  in  \\\e  frog,  unices  they  be  minute 
rudiments  at  the  ends  of  the  transverse  proce^cs. 

The  skeleton  of  the  fore  limb  consists  of  an  upper  arm 


FlO.  177.— Fectonl  ^nll?  oi  Mma  tintltHla. 
(After  Etkkr.) 

HictanibcinDVijvrltmdaiMi].  £>.  cpbirmim:  iw,  oat»' 
Unrium ;  A>-c.  <p(cora£«Ja ;  tt,  vivmuin  ;  i,  jiipbianniam ;  <£, 
duvlils  sltb  un>]ti)jing  pmoiwioU  •uriilact;  ri,  mcikdU:  St, 
tupuU  i  S.ti.  luiim-ireipulW ;   Ct,  (knoid  cavity  (or  buuKrsb 

or  humerus,  s  fore  arm  in  which  the  inner  radius  and  the 
outer  ulna  arc  fused,  a  wrisl  or  carpus  including  two 
proximal  and  three  distal  elements,  and  a  central  piece 
wedged  in  between  them,  five  metacarpal  hones,  of  which 
the  first — corTrt[H)nding  to  tlit-  absent  thumb  —is  ver>' 
small,  and  Cuiir  fingcK,  of  wbich  ihc  two  innermost 
have  two  joints  or  phalanges,  while  the  two  otlicrs  have 
three. 


AMPHiBlA. 


The  pelvic  girdle  has  a  long  V-shape,  the  ends  of  vHiich 
are  cartilaginous  and  articulate  with  (he  expanded  trans- 
ver«  jirocesses  of  the  ninth  or  Mcral  vertehta.  Each 
limb  of  ihc  V  is  an  ilium ;  the  united  posterior  fun 
consists  of  a  fused  pair  of  ischia,  and  a  ventral  cartila- 
ginous pubic  poftion.  Ilia,  ischium,  and  pubcs  unite  in 
bounding  the  deep  sodcet  or  acetabulum  with  which  the 
feinuT  articulates. 

The  skeleton  of  the  hind  Hnib  consists  of  a  thigh  lionc  or 

'  femur,  a  lower  leg  formed  from  the  united  tibu  ar>d  fibub, 

Itn  ankle  r^on  or   tarsus   irKluding  two   long   proximal 

-  elements— the  a&tnigalus  or  tibiale  and  the  calcanettm  oc 

fibularc— and  two  imperfectly  ossified  distal  elements,  five 

nicUIarsal  bones,  and  five  toes.     The  first  toe  or  hallux 

has  two  phalanges,  the  second  alM>  two,  the  third  three, 

tlie  fourth  four,  the  fifth  tliree,  and,  finally,  outside  the 


Fir..  178.— Side  view  of  Irag'i  Pdvii^     (Aii      1     m  >^.) 
//,  QliUB :  />.  iicliliim  \  /v.  pubb :  Ai,  konibuhm. 

hallux  there  is  a  "calcar,"  which  looks  like  an  extra  toe 
and  consists  of  three  pieces.  The  astragalus  is  in  line  with 
the  first  toe. 

Afutevlar  Systrm. 

I  shall  not  describe  ihc  musculiiture  of  any  of  the 
Veticbralc  types  Witti  the  guides  to  practical  work  cited 
in  the  appendix  the  midcnt  will  readily  find  out  what  he 
wishe:i  [0  know. 

The  muscles  are  enswatlied  in  connective  tissue:  They 
consist  of  bundles  of  muscle  fibres,  and  at  their  ends  or  at 
one  of  them  they  arc  usually  continued  into  strong  tendons, 
which  arc  more  or  less  directly  attached  to  (arts  of  the 
skeleton. 


NERVOUS  SYSTEM. 
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Ntfvotts  System. 

The  brain,  covered  witli  a  darkly  pigmented  pia  mater, 
has  the  usual  live  paits. 

The  elongated  cerebral  heminphcrex  have  "olfactory 
lobes  '■  in  front  of  ihcm,  and  arc  connected  by 
anterior  and  posterior  commissures,  and  by  a  bint 
of  3  "  corpus  callosum  "  (?). 

The  ihalamencepbalon  gives  origin  dorsally  to  a  pineal 
oulgrowih  closely  attached  lo  tlie  skull.  On  the 
ventral  side  will  be  seen  ihe  chiosma  or  interlaced 
CTONsing  of  the  iipiic  nerve-'t.  anil  a  toii};iie-shapcd  mass 
(the  tuber  cincreum),  to  which  the  pituitary  liody  is 
attached,  and  which  is  produced  by  the  depression 


T-w  • 
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Pin.  179.— Biain  of  Krag.    (Ai'ict  Wishskshsfm.) 


---  ^-     - ->  -  ■  IIP  l^e  uri(in»  t<f  ill* 

Prrvch^kf^.  DpiH  H.hiA«iibft  ;/'..'  II'  lint  ,  //.,  ljypu[ili]Wh 

IIL  qbfCTiirL/UISAt,  S■£Tn■^  --1'  ..  I  an  J  1.  lajtrat  vrnl'lrlbof 
anbniiim  K  vt-.  roraiii*ii  flt  Murifv;  T.,  ji*i(i  ^,  |M/<1  4m:1  li-uflJi 
vcnrricIi^Tw'ff'  (aiwiLie«  of  ii|i1ie:  k)l«>  juiil  wiuhtuni  al  S){viu>  fruui 
ihiril  (o  fnuTlh  ^tnEticLt- 

of  the  floor  of  the  third   ventricle  to   form    the 

infundibulum. 
The  optic  lobes,  a  pair  of  oval  bodies  between  and  below 

which  is  the  iter. 
The  cerebellum,  a  very  narrow  transverse  lund. 
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The  modultn  olilongala,  on  the  loof  of  which  the  pij 
mater  forms  a  vcr^'  vasculnr  "chorwd  plexuB." 

Ill  the  tadpole  the  pineal  body  lies  outwde  tlic  »kull 
under  tlii;  skin  of  the  head  ;  it  alnophiex  at  the  metamor- 
ph<)«i3,  su  tliac  ill  the  adult  the  stalk  only  is  represented. 


Fk;.  iSOl— Nervous  tjrMcm  of  Ktog,     (After  EcKRJt.) 

I  -ID.  Tha  crwU)  ntrvo ;  k.  ryvi ;  f*.  in  Warn  «f  nj)tic  ehiunu ; 
M,  apiic  tnd :    trM,  ijniiaihMii:  lyiwn :    m^,    ipliul  <m4  i 

^  Bpinal  nvprt*. 

The  cranial  nerves  are,  as  usual,  on  caeh  «dc  the  Tollow- 
ing:- 

(l)  Ol&clinx,  from  (he  olbclarjr  lot*  to  ihc  note; 
(l)  Oplic,  ctouini;  uid  Inletlicing  writh  it*  fellow  i 
(3I  Oculomolor,  10  four  nnuclei  of  Ihe  cyt  i     ^ 
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(4)  Hithetic,  Id  Ihc  iu|ictJoi  oblique  cfc  ikukIc  : 

[5)  Trigeminal,    with     ophtlmlmic    nuulllaiy,    aiul     iniuiilllnilar 

branches : 
(6]  Abducent,  la  (he  cxlrrnal  nclut  fjv  mutcle ; 
(7)  Pacini,  aii!>lii(> along  with  the  auditory,  wiili  a  gui|;liun  uniting 
with  Iho  Uauorian  (in^ion  of  the  Itigcminul,  wilti  n  jnls' 
tine  Lnnch  to  Iheioof  of  IIiemoalli,iindjL  liyoii]  biincli  to 
Ihc  lower  iaw  1 
18)  Andilotr,  to  tnc  e«t ; 

(9)  GloooplULiyni^l,  lo  ihc  lonKiic  uml  komn  of  lt>  iiuiKlta ;  with 
n  gan^lon  which  uniln  wiih  Ihal  uf  (he  tcnih  ; 
(10)  Viigut,  with  branchct  lo  lutipi.  hcul,  itumEich.  &c. 
The  ■tuil«nl  should  Jtki  back  lo  the  dcicn|iiiDn  of  the  ikate,  and  to 
the  diaptcT  on  ihe  icrueiure  of  Vertebratci. 

The  spinal  cord  n^ves  origin  to  ten  pairs  of  spinal  nerves, 
and  is  nwollet)  at  the  orij^n  uf  thoMi  which  go  to  the  limbs. 
Around  ihc  union  of  the  anterior  and  posltjrior  roow  lie  aiCS 
with  crysia)^  of  carbonate  of  lime- 

The  sympathetic  system  consists  of  about  ten  pairs  of 
gunglia — ((i)  united  by  branches  to  the  spinal  nerves ;  {&) 
united  lo  one  another  by  longitudinal  trunkx  which  accom- 
pany th<:  dorsal  aorta  and  the  systemic  arches,  and  end 
anteriorly  in  the  Uasscrian  ganglion  :  (c)  giving  atS  branches 
lo  the  heart,  ihc  aorta,  .ind  the  viscera  in  the  pelvic  rcgioiu 

Senst  Organs. 

The  eyM  project  on  the  lop  of  the  head  and  on  the  roof 
of  the  mouth.  There  arc  tn-o  lidc.  the  upper  thick  and  very 
slightly  movable,  the  lower  transparent  and  movable.  The 
transparent  cornea  in  front,  the  firm  sclerotic  surrounding 
the  eyeball,  and  the  sheath  of  the  optic  nerve,  arc  as  usucil 
continuous.  The  next  layer  includes  the  vascubr  and  pig- 
mented choroid  and  the  brilltaiii  iris.  Internally  is  the 
sensitive  rclina,  while  vitreous  humour  fills  the  cavity  behind 
the  lens. 

The  internal  cars  have  the  usual  parts  and  lie  within  the 
auditory  capsules,  which  are  in  great  pari  bounded  by  the 
pro-otics,  Connecting  the  fcneiVra  ovalis  of  the  ear  with 
the  iyin|t3iiic  membrane,  which  i*  tlush  with  the  skin,  there 
is  a  delicate  bony  rod— the  colunidl.i.  This  lies  in  the 
EUKUichi-m  tube,  which  open*  into  tbr  mouth  at  the  corner 
of  the  gape. 

The  nostrils  open  into  small  nasal  cavities,  with  folded 
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walls  of  sensitive  membrane;  the  posterior  naras  open  into 
the  front  of  tht  mouth. 

There  aic  taste  jupilla:  on  the  tongue,  and  (ouch  spots 
Oh  tlie  skin. 

AliHKitiity  Syilem. 

The  frog  feeds  in  great  part  on  insects,  which  it  catches 
dcklerously  with  iu  tongue.  This  is  fix(.-d  in  front  and  loose 
behind.  There  are  teeth  on  the  ixe-maxillx,  maxillx,  and 
vomen.  Into  the  cavity  of  the  mouth  the  nasal  sacs  open 
intcriorl]',  and  the  Eustachian  tul>cs  posteriorly.  The  mates 
of  JiaiHt  esmffM/a  have  a  pair  of  sacs  which  open  into  the 
mouth  cavity  at  ihc  angle  of  the  jaw.  and  arc  dilated  during 
CToalcing.  The  tongue  bears  numerous  taste  papillic.  Be- 
hind the  tongue  on  the  floor  of  the  mouih  is  the  gloftis,  the 
opening  of  the  short  larynx  which  lead*  to  the  lungs.  The 
larynx  is  supported  by  two  aiytenoid  cartilages,  and  also  by 
a  rinj{;  with  the  arytenoids  the  vocal  cords  are  closely 
usocioted.  The  lun^  lie  so  near  the  mouth  that  laryngeal, 
tracheal,  and  bronchial  re^ons  are  hardly  distinguishable. 
On  the  floor  of  the  mouth  a  the  hj-oid  cartilage,  which  serves 
for  the  insertion  of  muscles  to  tongue,  &;c. 

Of  the  (4)  gill  deft*  which  are  lx>me  on  the  walls  of  the 
plurynx  in  the  tadpole,  there  are  no  distinct  traces  in  the 
udiill,     The  lungs  develop  as  outgrowths  from  the  gullet. 

The  guUei  leads  into  a  lububr  stomach,  which  is  not 
sharply  separated  front  it.  There  b  a  pyloric  constriction 
dividing  the  stomach  from  the  duodenum,  or  first  )Mrt  of  the 
small  intestine.  .After  several  coils  the  small  intestine  opens 
into  the  wider  brge  intestine  or  rectum,  which  enters  the 
cloaca. 

The  liver  has  a  right  and  a  left  lobe,  the  latter  again  sub- 
d)vi<li.'d.  Tlic  gall  bladder  lies  between  the  right  and  left 
IoIks  ;  bile  Hows  into  it  from  the  liver  by  a  numl>er  of 
hepatic  ducts,  which  are  continued  onwards  lo  the  duodenum 
In  a  common  bile  durt.  'Ihe  pancrtaK  lies  in  the  mesentery 
between  stomach  and  dumk-nuin.  and  its  M.-crelioii  ciiters 
the  dl»lal  portion  uf  iIh;  liile  duct.  The  )>bdder  is  a  ventral 
outtirowrth  of  tJw  chwca,  has  rto  contiectioti  with  the  ureter^ 
and  lectn*  to  be  homologous  with  the  albntoiv  of  Rc]>tilcs, 
Birds,  and  MommalL 
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Vasctiiar  Systrtn. 

Tilt;  lieart,  enclosed  in  a  pericardium,  is  lhr«i^r.l)niiiI>eTed, 
conxiMiiif;  i>r  .1  musculnr  conioil  ventrldt;,  which  drives  the 
blood  to  till;  body  and  ihc  limjcs,  nf  n  thinwnllcd  right 
auricle  rccdring  impure:  blood  from  the  l>ody,  and  of  a  ihin- 
walled  left  auricle  receiving  purified  blood  from  the  lungs. 
From  each  of  ihc  auricles  blood  enters  (he  ventricles,  Th« 
two  su])erior  venx  cavae  which  bring  back  blood  from  ihe 
anterior  regionii  of  the  body,  and  the  inferior  vena  cava 
which  brings  back  blood  from  the  poiiterior  parts,  unite  on 
the  dorsal  surface  of  the  heart  in  a  chin-walled  sinus  vcnosus, 
which  serves  as  a  porch  to  the  right  auricle,  l-'rora  ihc 
ventricle  the  blood  is  driven  up  a  iruncus  arteriosus,  which 
soon  divides  into  two  branches,  each  of  which  divides  into 
three  aortic  arches. 

Thiu  we  majriUuinpiiih  five  n^oni  in  lh«  Iieut<— the  ««a(rlele,  the 
right  aurid«,  iht  leti  Kuriclc.  ilir  itnui  vrnosui,  and  t]i<  tnuicu 
ancfiiHUKi  The  >inu>  iTnoiiit  U  llir  liiiultiiott,  the  Imneus  ait«rionii 
Ihc  moit  anterior  port.  The  two  auriclCT  arc  oflpn  includcit  in  ihc  lerm 
itriaiii.  ilic nndiviacti  part  oT  the  trunciu  arlcrioiiu  ncii  the  vcnirlcic  \\ 
caIIciI  Ihc  pyUnt^um.  ihc  moic  unicrior  pan  from  which  ihc  aichct  arbc 
it  known  us  the  tynan^uni.  The  Ininciu  nitcriobus  corieiipoiidSi  In 
gmilcr  pun  at  leaM,  lo  ihe  cnnu*  »ne(lotii>  of  infmy  fivhc<. 

Ai  Iho  heut  oontinucdiii  live  tSitt  the  frag  !t  ccHlly  ^ca<l,  il*  c»ntfnc< 
tian*  COD  be  readily  ohsenvd.  The  tinui  vcnnnu  cutiirscli  lint,  then 
the  twoauriclcs  limultaocouily.  and  linally  ihc  venlricle.  Allhough  the 
venlriclc  receii-«  both  imnufc  and  pure  blood,  the  rtmciural  amngc- 
mcnt*  are  luch  Ihal  moil  of  the  impure  blood  is  driven  Id  ihc  lunn*.  the 
pnteM  blotxt  la  ihc  head,  and  lomcwhai  mlicd  bloml  in  ihe  ludy. 

The  blood  contains  in  its  fluid  plasma— («)  the  oval 
"  red "  corpuscles  with  a  definite  rind,  a  distinct  nucleus, 
and  Che  pij^ment  hiemoglobiii ;  ijt)  white  corpuscles  or  leuco- 
cyles,  like  small  iinuulm:  in  form  and  movements;  {t\  very 
minute  bodies,  usually  colourlexi;  and  variable  in  shape. 
When  the  blood  clots,  the  plasma  becomes  a  colourless 
serum,  traversed  by  coagulated  fibrin  filaments,  the  red 
corpuscles  often  arrange  ihcmsclves  in  rows,  and  the  white 
corpuscles  are  entangled  in  Ihc  coagulated  shreds.  ^Vhen 
Chc  web  of  a  living  fro^  is  enainined  under  the  microscope, 
it  will  l>c  neen  that  the  flow  of  blood  is  most  rapid  in  Ihe 
arteries,  more  slu^ish  in  the  veins,  most  sluggish  in  the 
capillarira  or  fine  branches  which  connect  the  ancrics  and 
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the  veins.  'Ilic  red  corpuscles  arc  suvut  along  most  rapidly, 
and  arc  oritn  deformed  by  pressure  ;  ihc  Iciii^ocytcs  lend  to 
cling  lo  the  waiU  of  the  capillaries,  and  may  indeed  pass 
through  thcni  (diajK^desis}. 

Thf  Arterial  !^stem. 
Each  branch  of  the  truncus  arteriosus  is  triple,  and  divides 
inlo  the  following  oil  each  side  : — 

I.  The  carotid  arch,  the  ntost  anterior,  corresponding 


Fig.  tSl.— ArtorUl  vy«tem  of  Frojj     (After  E::Kt:ii.) 

wy\  r.«    ntisbn];    ir.^    brxctnal;    dm-,    cccliuD'ineiBiUTic ; 

r.,  iwali:  U.,  nnnnac  llbci;  4..  hsnnnbaldal. 

to  the   first   eRerent  branchial    of   the    tadpole, 
pvcs  off— 
a  lingual  artery  to  the  tongue, 
*  carotid  artery,  which  bears  near  the  origin  of 
the  lingual  a  spongy  swelling  (the  "  carotid 
gland  "),  and  gives  dT  an  external  carotid  to 
the  mouth  and  the  orbit,  and  an   internal 
carotid  lo  the  brain. 
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If.  The  lystemic  arch,  the  median  one  of  the  three, 
corresponding  to  the  secund  elTerent  hrnnchial  in 
the  lndp<»k%  giv-es  off — 

the  laryngeal  artuiy  to  the  larynx, 
the  ccsophagcnl  to  ihc  oesophagus, 
the  occipito-vertcbral  to  the  head  and  vertebral 

column, 
the  *ut>clavian  lo  the  fore  liint>. 
From  the  left  aortic  arch,  just  as  it  unite*  with  its  fellow 
of  the  other  side  lo  form  the  dorsal  aon.i.  or  from 
the  beginning  of  the  dorsal  aorta,  there  is  given  ofT 
the  cccliaco-mcscntcric  to  the  stomach,  intestine, 
liver,  and  spleen. 
Further  hack  ttie  dorsal  aorta  givca  off— 

the  renal  arteries  lo  the  kidneys,  and  the  genital 

anerie*  to  the  reproductive  origans ; 
the  inferior  mesenteric  to  the  large  intestine ; 
Then  it  divides  into  two  iliacs,  each  of  which  supplies 
the  bladder  (hypuftasuic),  the  veniral  body  wall 
(cpign.ttric)  and  (he  leg  (»;iniic). 
III.  The    pulmo-cutancous  arch,   the    most     posterior, 
corresponding  to  the  fourth  efferent  branchial  in 
the  udpole,  gives  off— 
the  cutaneous  artery*  to  the  skin, 
the  pulmonary  artery  to  the  lungs. 


The  Vematii  System. 

\.  Each  superior  vena  cava  is  formed  from  the  union  of 

three  velnt,  and  eadi  of  these  three  is  formed  from  two 

smaller  vessels. 

tr  .^^,\     f  I'ingual  from   the  mouth    and 
bxlernai     _        ,^^ 


Superior 

vena  cava. 


jugular. 


Innominate. 


Subclavian. 


tongue 

Mandibular  from  the  lower  jaw. 
Internal  jugular  from  the  inside 

of  the  skull. 
Subscapular  from  the  liack  of 

the  arm  and  the  shoulder. 
Brachial  from  the  arm. 
Musculo-cucaneous     from     the 
'  skin  and  sides  tJi  the  body. 
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II.  The  inferior  vena  ctva  begins  between  the  kidneys, and 
ends  in  the  sinus  venosus.  Its  components  arc  as  follows  : — 
FtTerent  renal  mns  from  the  kidne]r& 
Genital  veins  from  the  reproductive  orgAns. 
KfTcreni  hepatic  veins  from  the  liver. 
The  renal  portal  sjrsicm,  by  which  venoux  blood  from  tbe 
posicrioi  region  fillers  through  the  kid»c>'S  on  its  way  back 
to  the  heart,  is  as  follows  on  each  side : — 


Fml  iSl— VcaoosiptetDof  Fiok.    (Afta  EcKXi.) 

Ir..  >iir«hl-  -rr  .  — wli  friimiM;«r,  bv«K  *ti>  i  t^r. 
iiniiii  jiiiml-  C;.m:  *.j..«niiriJiW(iMi««l:nt..i— Inw^i 


Renal  porul 
S)-5tem 


A  posterior  branch  of  the  fenuxal  ran  frotn 
(he  hind  limb  fonns  the  renal  ponal  von, 
which  rcccms  the  sciatk  from  (be  bick  ti 
the  leg,  and  tbe  dorxKlumbax  veins  from 
tbe  dorsal  wall  of  the  bodf .  and  oviducal 
veins  in  tbe  female. 
Tbe  antenor  branch  of  tbe  femonl  vein  is  called  tbe 
pehrk,  ukI  unites  with  its  (ellow  of  the  ofifxmtc  side,  wid 
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gives  origin  to  a  median  vein  which  runs  to  the  liver— the 
anterior  jibdoniinal.  By  means  of  an  anaitomoxing  brancli, 
the  .inlerior  branch  of  the  femoral  is  also  connected  to  the 
sciatic. 

The  hepatic  portal  syxtem,  by  which  venous  blood  from 
the  poxlerior  r«ion  and  from  the  gut  passes  through  the 
liver  on  its  way  back  to  the  heart  i»  as  follows : — 

f  Anterior  abdominal  vein,  from  the  union  of 
the  two  pelvics,  receiving  tributaries  from 
the  bladder,  ventral  body  wall,  and  trun- 
system,      1     cus  arteriosus. 

]  He{>alic  i>ofiaI  vein,  from  the  union  of  vein* 
from  the  stomach,  intestine,  and  spleen. 

III.  The  pulmonary  veins  which  bring  back  purUicd 
blood  from  the  lungs,  unite  juKt  before  they  enter  the  left 
Buricle. 

LymphatU  Systrm. 

Tlie  lymph  is  a  colourless  lluid,  like  blood  without  red 
corpuscles.  It  is  found  in  the  .sjiaces  tteiween  the  loose  skin 
an<i  the  subjacent  muscles,  in  the  pleiiro' peritonea  I  cavity  in 
whjcli  hwrt,  lungs  and  other  organs  lie,  in  a  sulMTrioi>ral 
sinus  extending  along  the  backbone,  and  in  special  lympha- 
tic vessels  which  pass  fatty  materials  absorbed  from  the 
intestine  into  the  venous  system.  Tbcie  arc  two  pairs  of 
contractile  "lymph  hearts"  at  two  regions  wbetc  the 
lymphatic  system  communicates  with  the  veins.  A  pair  Uc 
posteriorly  near  the  end  of  the  uroslyle ;  the  other  two  lie 
between  tlie  transver^  processes  of  the  third  and  fourth 
.vertebrie. 

Afethanism  of  Iht  Ifrart. 

Uc  must  now  return  to  the  hcatt  to  conuder  how  it  is  that 
the  blood  ia  propelled  from  tlie  ventricle  along  the  proper 
channels.  The  right  half  of  the  ventricle  being  nearer  the 
right  auricle  contains  more  impure  blood,  and  it  is  from  the 
right  side  of  the  ventricle  that  the  truncus  arteriosus  arises. 
Therefore  when  the  ventricle  contracts,  the  blood  which  first 
fills  the  truncus  is  venous.  It  passes  aJong  the  left  side  of  a 
median  longitudinal  valve  into  tJie  pulmonary  arteries— along 
the  path  of  least  resistance.  As  the  pulmonary  arteries 
become  distended,  the  next  quantum  of  lilood—that  which 
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hu  Itwn  mixed  in  ihe  middle  of  the  vailride — is  driven 
forwards,  and  [>asses  on  the  right  side  of  the  loncitudiruU 
v&lve  into  the  aortic  arches.  "  And,  as  the  tnincus  beconMS 
more  and  more  distended,  the  longitudinal  %:alve,  flap|>ing 
over,  tends  more  and  more  complclely  to  shut  off  the  open- 
ings of  the  pulmonary  arteries,  and  to  prc%'cnt  any  blood 
from  flowing  into  thei)i.  Finally  the  last  portion  of  blcxtd 
fron)  the  ventricle,  rvpresL'ntitifi;  tlie  completely  arteriiliscd 
blood  of  the  left  aaricle,  which  is  the  laM  to  arrive  at  the 
opening  of  the  tnincus,  posses  into  the  carotid  trunks,  ni>d 
is  distributed  to  the  head."  (The  last  two  sentences  arc 
quoted  from  the  "Text-book  of  Practical  Biology,"  by 
Professors  Husley  and  Martin,  Howes  and  Scott.) 

Sftetn,  Thymd.  and  7X/wtu.— The  iplwo.  whidi  »  |)ic4mI>I)',  u  u) 
MtD«  other  animiili,  ooncemcd  «4th  bloi>d  making,  it  a  unall  ttd  ornn 
lying  in  llic  moenleiy  iwai  lh«  Itqrinnlng  of  the  large  mlestin«.  ne 
tnyrnd,  which  i)  ttelieved  V>  luvc  lomciliini:  to  do  wllli  maintaiiunc  iIm 
health  of  Ihc  blood,  I*  Kpmcnied  Inr  two  liUlc  liodlet  near  Ihe  loou  of 
the  Rorllc  nichisi.  1'ha  <h}'^lu^,  (vrhai)*  origuull]'  auijcialnl  with  iho 
jjill-clclti,  li«t  on  lucli  tide  jiut  t«hiri(l  Ihc  uigle  of  ihc  luwo  }a*'. 


Kapiratory  SysUm, 

The  lar\-nl  frog  breathes  at  first  through  its  Atn,  thcii  by 
extcmnl  gills,  and,  finally,  by  internal  gills.  The  adult  frog 
breathes  chiefly  by  its  lungs,  but  some  cutaneous  respiration 
is  still  retained,  for  even  without  its  lungs  a  frog  may  li%'e 
for  sonie  time,  and  il  does  not  use  them  vhen  hibernating. 

The  lungs  arise  as  outj^owths  of  the  cesofdugeal  region 
of  the  gut,  and  are  connected  with  the  back  of  the  mouth  by 
0  short  Iar)-ngo-trachc-il  tube,  whose  slit-like  apcrttire  is  the 
glottis.  Eacli  lung  is  n  tronsi»rcnt  oval  sac;  with  muscle 
fibres  in  its  walls.  The  cavity  is  lessened  by  the  spongy 
nature  of  the  internal  walU,  which  form  numerous  liitlc 
chambers  bearing  the  fine  branches  of  blood  vessels. 

In  respiration,  (he  mouth  is  kept  shut,  and  air  passes  in 
and  out  Uirough  the  nostril!!.  A  frog  will  die  of  asphyxia 
if  its  mouth  be  artificially  kept  open  for  a  considerable  lime. 
When  the  floor  uf  the  mouth  is  lowered,  and  the  buccal 
cavity  thus  increased,  air  passes  in.  Whi-n  the  ebsiic  lungs 
and  the  muscles  of  the  sides  of  the  body  contract,  air  passes 
out.     When  the  nostrils  and  also  the  opening  of  the  gullet 
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are  shut,  and  the  Door  of  the  mouth  at  Ihtf  same  lime  raised, 
air  is  forced  through  ilie  ^lotib  into  the  lung». 

Exatlory  System. 

The  paired  lcidne)-s  are  elongntcd  organs  .situated  dorully 
and  posteriorly  in  the  region  of  lh«  urostylc.    'l"hc  waste 

Eroduct*  which  they  filter  out  of  the  blood  pass  backward 
y  two  ureters  which  open  separately  on  the  dorsal  wall  of 
the  cloaca,  without  any  communication  with  the  bladder. 
The  ureter  or  Wolffian  duct  is  seen  as  a  while  line  along  the 
outer  side  of  each  kidney  ;  in  the  male  it  functions  also  as 
the  duct  of  a  leHUS-  On  the  surface  of  each  kidney  is  a 
longitudinal  yollowi.ih  Mr^k.  which  is  an  adrenal  gland  of 
unknown  sign ific-i nee,  and  little  jjiot*  mark  ciliated  aiwrlurcs 
or  nephrostomes,  which  remain  as  communications  bclween 
the  abdominal  cavity  and  the  renal  reins,  though  the)'  are 
apparently  in  cmbr>-onic  life  connected  with  the  urinar>- 
tubules. 

Ktprodtuth't  System, 

The  males  are  readily  diMinguished  from  the  females  by 
the  swollen  cushions  on  the  first  (ing^rrs,  and  there  are  sotne 
other  slight  external  diflTcrcnces.  The  breeding  season  begins 
in  spring,  and  then  the  males  trumpet  to  their  mates.  The 
male  clasps  the  female  with  his  fore  limbs,  and  rvtalns  Ills 
hold  for  scv-cral  days,  fertilising  the  ova  as  they  pass  out  into 
the  water. 

The  paired  testes  are  oval  yellowish  bodies  lymg  in  front 
of  the  kidneys;  the  spermatozoa  pass  by  vasa  cHerentii 
through  the  anterior  mrt  of  the  kidney  into  the  Wolffian 
duct,  which  functions  ooth  as  a  ureter  and  as  avas  deferens. 
In  the  male  of  H.  fs<ulenlrt,  the  vas  deferens  is  dilated  for 
some  distance  after  leaving  the  kidney;  in  R.  temfioraria 
it  iKflrs  on  the  outer  side  near  the  cloaca  a  dilated  glandular 
mass  or  "seminal  vehicle."  In  the  males  rudiments  of  the 
Miillerian  duels  arc  sometimes  seen. 

Tlie  paired  ovaries  when  mature  arc  large  plaited  organs, 
bearing  numerous  follicles  or  sacs  coniiuniiig  the  pigmented 
ma.  The  ripe  ova  are  liberated  into  the  body  cavity,  and 
moved  anteriorly  towards  the  heart  near  which  the  oviducts 
open.    These  oviducts  are  long  convoluted  tubes,  anteriorly 
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thiivwaUed  and  atntigjit.  then  gUndubr  snd  coded,  ter- 
mirullx  ihin-waUcd  and  dilated.  In  the  racdian  pan,  the 
cn-a  are  nnTouiKkd  with  yaVij ;  the  tcnttinal  uterine  ports 
Open  on  the  dorsal  <raU  trf  the  cloaca.  In  the  feiaaks  the 
Wdffian  diKtt  act  soldr  as  ureters.  There  arc  occasio«ul 
wistioDS  in  ihe  nalme  of  the  reproductin:  ofgani,  arid 
•oowtiiDe*  the  hermaphrodite  Mage  ihronigfa  which  the  tad- 
polw  paa;  is  to  KWne  extent  retained.  Attached  to  the 
Ulterior  end  of  ibc  reproductire  organs  are  yellow  lobed 


Ft'..  IS].  — L'rliKftnlul  oft- 
Mm  of  MaJc  r(Of[.  (Alter 
ECKBN.) 

/A,,  FiRV  h*4[« :  p,r.,  ndk  OTa : 
NMh ;  X.,  kidnn:  ^mJ..  Wolfiiui 
duel :  tL,  (kaia  J  it/,,  Usddcf. 


I'm.   184.— UrioOBcnilal  ^• 
(ciii  (if  FciMle  FrOfi.     (Alter 

ml-.  Opw«|  cf  ondaa : ««..  owy  | 
/>..  (■!»  Mir:  X'.,  KUMfi  f/f., 
uieno  1  Vr.,  •paoM  (4  uMcn  Imo 
cl<aaM> 


"  Tatty  bodk-s,"  largest  in  the  males,  tt  has  been  suggested 
that  they  contain  stores  ofrcKrvcmatcriiil,  which  is  absorbed 
at  certain  seasons.  They  seen)  to  be  fatly  degenerations  of 
the  anterior  pan  of  the  genital  ridges.    The  head  kidney  or 
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I)roncjjhro»  perjisu  for  some  lime  in  thu  cinbiyo,  but  even- 
tunlly  degeneralcs.  It  docs  not  seem  (o  have  anything  to 
do  with  the  Tatty  bodie& 

Devtiopmtnt  oflht  Frog. 

The  ripe  ovuni  exhibits  "polur  dilVerenli.-ition,"  its 
upper  jtonion  is  deeply  pigmented,  the  lower  hns  no 
pigment  and  contains  much  yolk.  This  yolk-containing 
nemisphere  is  the  heavier,  and  consequently  is  always 
the  lower  half  of  the  egg.  whatever  position  this  may 
be  originally  placed  in.  Hound  the  ovum  there  is  a  delicate 
vitelline  membrane,  and  this  is  a^ain  surrounded  by  a 
gelatinous  investment  which  swells  up  in  water.  The 
formation  of  polar  bodies  takes  place  before  the  liberation  of 
the  eggs. 

The  spheres  of  jelly  preserve  the  e^^s  and  enilwyos  from 
friction,  prevent  their  being  eaten  by  most  birds,  appear  to 
be  distasteful  to  Gammarids,  and  often  enclose  in  their  tnter- 
cpacefl  groups  of  (;rccn  Algse,  which  help  in  aeration.  The 
spheres  may  also  be  of  use  in  relation  to  the  absor])iion  and 
radiation  of  heat 

Fcrtili-^ation  occurs  immedialcty  after  the  eggs  are  bid. 
The  spcrmatoioa,  which  exhibit  the  usual  features  of  male 
elements,  work  their  way  through  the  gelatinous  cnvclopcsi 
and  one  fertilises  each  ovtim. 

The  first  cleavage  is  vertical,  and  divides  the  ovum  into 
a  right  and  left  hiUf.  If  one  of  these  two  celb  be  punc- 
tured, the  other  will,  according  to  Roux,  form  a  onc-sidcd 
hnlf-emt>r)'0.  Tliis  fact,  disputed  by  Henwig,  sugifcsts  that 
the  ver>'  firtt  divi^on  of  the  frog's  ovum  is  ()ualilatii-e.  At 
a  certain  stage,  Roint**  half-embryo  regenerates  the  missing 
half,  usually  by  re-vitalising  the  remains  of  the  cell  which 
was  punctured.  'I'he  second  cleavage  is  also  vertical,  and 
at  right  angles  to  the  first,  dividing  an  anterior  from  a 
posterior  half.  The  third  cleavage  is  equatorial,  at  right 
angles  to  tlie  ftrst  two.  dividing  the  dorsal  region  from  the 
ventral. 

The  segmeniation  is  total  but  unequal,  and  results  in  the 
formation  of  a  ball  of  cells,  those  of  the  upper  hemisphere 
being  smaller  and  more  numerous  than  the  )-<>lk-laden  cells 
below,     Within  there  is  a  sioaU  segmentation  cavity.    Since 
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ihe  presence  or  jpoIV  acis  as  a  dicck  on  the  acliviiy  of  the  pro- 
toplasm, we  can  un<It-rttaiMl  why  the  smaller  cetU  continue  to 
divide  mudi  more  m[)i<lty  than  the  large  yolk -con  laining  cells, 
ind  so  how  the  nmnllcr  cpitilastic  cells  gradually  spread  over 
the  ^g,  covering  in  the  larger  ones.  At  one  point,  where 
tipper  and  lower  cells  tncci,  a  groove  is  rormcd.  According 
to  the  older  view,  at  this  point  the  small  cells  arc  innginaicd, 
and  so  fonn  a  cavity ;  according  to  recent  research,  the 
cavity  is  simply  fomied  by  the  splitting  of  the  targe  cells. 
However  this  may  he,  the  cavity,  which  is  the  archenteron 
or  embryonic  gut,  rapidly  enlarges  at  the  e]q>eRiie  of  the 
segmentation  cavity,  which  soon  disappears.  The  groove 
becomes  a  circular  aperture  in  the  cpiblasi,  which  has  now 


Fir..  iSj.—Dividon  of  Proc'i  Ovum.    (Alter  Eckh.| 
Tbc  nimbcn  lulksH  ib«  onnilicr  (fcdb  or  UBMrncm. 

Spread  over  the  whole  csg  except  at  this  spot,  tbc  bbstoporc 
llic  cmt>r)'o  elongates  slightly,  but  the  mass  of  yoIk-ladcn 
cells  which  lie  on  the  Hoor  of  the  gut  prevents  ihu  body 
acquiring  at  once  the  fish-like  shape.  The  bbstopore  as 
usual  marks  tbc  posterior  region  of  the  body. 

The  processes  which  follow  are  already  in  outline  familiar 
to  the  student.  Along  the  mid  dorsal  line  an  ejiiblastic 
neural  plate  is  differentia  led.  The  edges  Income  raised 
into  the  neural  fold.i,  these  approach  one  another  and.  fusing 
together,  form  the  medullary  or  nciiral  canal.  At  the 
posterior  end  this  communicates  with  the  archenteron  for  a 
time  by  the  neurenicric  canal.     Internally,  a  diSereniialion 
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of  hypoblast  forms  ihe  notochord  along  the  aiid  dorsal  line 
of  the  archenieron.  At  each  aide  of  this  lie  masses  of 
mesoblast  which  have  liecn  split  off  from  the  hypoblast. 
Each  of  these  divides  into  the  primitive  segments  (prolo- 
vcitchra:)  above,  nnd  the  unscgm;:nted  latetnl  plntcs  below. 
The  lateral  plates  split  into  two  layers,  the  splanchnic  or  inner 
investing  the  gut,  the  somatic  or  outer  Uyer  being  applied 
to  the  epibla^;  the  space  between  the  two  la>ers  is  the 
body  cavity.  The  body  now  becomes  distinctly  divided 
into  regions,  the  eyes  bud  out  from  the  brain,  external  i^ills 
grow  out  from  the  riscernl  arches,  and  the  larw.  Mill  within 
its  gelatinous  otsCt  exhibits  pcculinr  la-^bing  movements  of 
the  i^til.  Eventually,  about  a  fortnight  after  the  ef,^  arc 
laid,  it  escapes  from  the  surrounding  jelly  and  swims  freely 
in  the  water.     At  this  time  there  is  a  cloacal  opening,  but 

the  mouth  has  not  yet 
appeared.  There  is  a 
larjie  hoT£e-shoe-shai>e<l 
sucker  on  the  under 
surface  of  the  head,  by 
means  of  which  the  tad- 
pole attaches  itself  to 
foreign  objects. 

In  the  next  stage  of 
development,  which  ex- 
tends from  the  time  of 
hatdiing  until  the  com- 
mencement of  the  meta- 
morphosis, many  and 
important  changes  take 

Sliice.  The  mouth,  which  has  prc%'iously  been  merely  a 
lind  i>il,  0|>ens  into  the  gut.  the  gut  itself  lengthens  rapidly, 
and  becomes  coiled  like  a  watch  spring ;  the  tadpoles  feed 
eagerly  on  vegetable  matter  and  increase  in  sLce.  The 
mouth  is  "  bordered  by  a  pair  of  horny  jaws,  an<l  frinced 
with  fleshy  lips  provided  with  horny  papillae,"  the  suckct 
behind  it  becomes  i^aired,  and  is  gradually  less  used  as  the 
power  of  locomotion  increases.  About  the  time  when 
the  mouth  is  opened,  four  gill  clefts  open  from  the 
pharynx  to  the  exterior.  'I'he  external  gills  shrivel,  and  aic 
replaced  by  an  internal  set ;  these  arc  enclosed  on  cither 
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Fill.   lS6.— G«Mriil.iiia(-«of  Newt. 
(.Ulet  Hekiuh;.1 

tf^. ,  (|>Jbtvi ;  kxf;  byVoliUir :  anil.,  ■»!>«>- 
Xasa-.f..  yolk-tclu  1  (.<..  tcpiuntuiiMcatiiy. 
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fide  by  opercular  folds,  which  form  gitl  chiunt>ers.     By  the 

continued  (growth  of  thete  folds 

the  gill  chninbers  are  dosed, 

vriih  the  excqXion  of  a  single 

exhalent  apcrtuii:  on   the   left 

side.     Through    this   opening 

the  water  which  is  taken  in  by 

the  tnouth  in  txr§piratioti  passes 

outwards,   having   washed    the 

gills  on  its  way. 

Shortly  afcer^-ards  tlie  rudi- 
ments of  the  limbs  apfWiu-. 
The  fore  limbs  arc  concealed 
within  the  gill  chambers,  and 
so  arc  not  obvious  until  a  much 
later  stage ;  but  the  hind  legs 
may  be  watched  in  the  pro- 
gress of  deveiopmenl  from  small 
papillie  to  the  complete  limb. 

The  lungs  arc  developed  as 
outgrowths  from  the  ccsophagus, 
even  before  hatching,  but  in- 
crease ill  size  very  slowly.  .After 
the  appcatancc  of  the  hind  legs, 
the  larva;  conie  to  the  surface 
of  the  water  10  breathe,  showing 
that  the  lunjp  are  now  to  some 
extent  funclioiuil.  At  this  stage 
the  Uidpolcs,  now  about  two 
months  old,  arc  at  the  level  of 
Dipnoi. 

The  changes  in  the  relations 
of  the  blood  vessels,  which 
accompany  the  successive 
changes  in  tlie  methods  of 
respiration,  and  render  these 
I>ossibte,  arc  somewhat  com- 
plicated, 

When  respiration  is  by  the 
gills  only,  the  circulation  is 
essentially  that  of  a  fish.     Fiom  the  two-chambcrcd  bean 


Fio.  187.— K»eci>on  of 
Tadpoti:.  (After  MiLKKS 
Ma&shau.  and  Blci.) 

tit...  \att%  lip:  H.,  rnilrkk  of 
h<*n  \  OE,,  (xwplucus;  iV^,, 
hi>J  kidne)';  A..  Hcu:  K,  kit- 
nry;  A'£A,  iintft;  t>0..  c^oAtt  ■ 
/.//.,  bind  linb:  A')'.,  sptoinB  (4 
unlet  into  doMk;  CX.,  nniul 
ridn;  Gf.,  biir  Iwlr:  If.,  ton 
liinb  i  OC.,  lainml  sill. 
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the  blood  is  driven  by  afferent  branchials  to  the  gills,  from 
these  it  collects  in  efferent  vessels  which  unite  on  each  ude 
to  form  tlie  two  aortx.  Theaortx  send  aitcrieN  to  the  head, 
and  glassing  backwards  unite  10  Tomi  the  tingle  dorsal  aorta 
which  sui)|ilies  the  body,  tor  a  time  there  arc  two  dorsal 
aorta:.  When  the  external  gills  are  replaced  by  the  internal, 
a  neK'  set  of  gill  capillaries  arc  developed,  but  otherwise  ihc 
circulation  remains  the  same.  As  in  Cfralodui,  a  pul- 
monary' artery  arises  from  the  fourth  efferent  branchial  Ai 
the  time  when  the  hind  legs  l>eyin  to  be  developed,  a  direct 
comraunicaiion  is  establislied  between  afferent  and  ciTcient 
branchial  vc«:tel-'>,  so  that  blood  con  pots  from  the  heart  to 
the  dorsal  aorta  without  going  through  the  gills.  As  the 
pulmonary  circulation  becomes  increasingly  important,  the 
single  auricle  of  the  heart  becomes  divided  into  two  by  a 
septum,  and  the  pulmonarj'  veins  are  established-  At  the 
time  of  the  metamorphosis  an  increasing  quantity  of  blood 
avoids  the  gills  in  the  manner  indicated  above,  and  these, 
being  tlirown  out  of  connection  with  the  rest  of  the  body,  soon 
atrophy,  while  the  lungs  become  the  important  respiratory 
organs.  The  fate  of  the  various  branchial  arteries  may  be 
gathered  from  the  table  which  follows. 


Archb. 

Cutm. 

Aaiiic  Amcnu 

IK  TUB  RhMM. 

AOKTIC  AlCIIU 
in  TM»  XiiV  LT. 

UuidllKjlAr. 

BKOI        VOmU 

Onljr  auKitptntEb 

vg^maa    *hicb 

wprwmi        ■ 

»>odi5e*ilaas( 

L 

Uia«     «r     A 

■ 

)<nuiahliil  anti. 

Hr«d. 

SuMMhku  nh*. 

•unad  In  >)n> 

iiu>dlllal  fotn. 

FlrMElcfL 

nm  nruuiiiat. 

EeundckA. 

Hm          (llmiii 

Caradiwib. 

Stand  BiucbUt. 

llliKi  cl(/<. 

S«oal 

SyMmkiKk. 

Tlilnl  Vnncliiil. 

FgunbcMI. 

ThM            .,             AlTOfhicb 

PooiA  RrtiKhbl. 

Tiunli 

Before,  however,  all  these  internal  changes  have  taken 
place,  the  external  form  undergoes  a  striking  metamorpliasia. 
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The  tadpole  has  by  this  time  grown  1a^  and  stroog  white 
feeding  eagerly  on  water  ireeds.  Now  it  scctns  to  fast,  the 
tail  shrinks,  for  from  it  wandeni^  phagOC)-te3  carry  nouiish- 
ment  co  other  ports  of  the  IwSy.  Tbie  habit  becomes 
less  aaive.  the  struciural  adaputions  to  the  aquatic  life 
disappear.  "The  homy  jaws  arc  thrown  off;  the  lar^ 
frilled  lips  shnnlc  up;  th«  mouih  loses  its  rounded  nictorul 
(orm  and  hecooies  much  wider ;  the  longtw,  previously 
small,  increases  couMleTabljr  in  sixe ;  the  eyes,  which  3k  yet 
have  been  beneath  the  slnn,  becoine  exixjsed ;  the  fore- 
limbs  appear ;  the  left  one  being  pushed  through  the  spout- 


Fia  ISS,— Life  hixorr  o(i  Frog.    tAAn  Brshu.) 
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like  openii^  of  the  branchial  chamber,  aitd  the  right  one 
forcing  its  way  through  the  opercular  fold,  in  vrhich  it  (caves 
a  ragged  holo."    (Marshall.) 

While  these  changes  are  in  jwogrcts,  and  as  the  supply  of 
food  afforded  by  the  tail  k-gins  (o  be  ddiaustcd,  the  tadpole 
ncovers  its  ap)>ctite,  but  is  nnw  carnivorous,  feeding  on  any 
anukhle  animal  matter,  or  even  on  iu  fellows.    The  dunge 
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is  net,  however,  so  great  ns  it  seems,  for  even  at  a  very  caily 
stage,  nnimal  food  is  eagerly  devoured, 

V\'ith  the  change  of  did,  the  abdomen  shrinks,  stomach 
and  liver  enlarge,  the  inlcstinc  becomes  relatively  narrower 
and  shorter.  'Che  tail  shortens  more  and  more,  and  as  it 
docs  so  the  disincii  nation  for  a  purely  aquatic  life  seems  to 
increase.  Eventually  it  is  eom|)letely  aljnorbcd,  the  hind 
limbs  lengthen,  and  the  conversion  into  a  frog  is comjileted. 

It  seems  that  for  a  considerable  liinv  ihc  lad|M>lc  is 
neither  male  nor  female,  but  hermaphrodite.  Differences 
in  nutrition  and  other  conditions  cause  one  kind  of  sexual 
organ  to  predominate  over  the  other,  and  Ihc  Udjwie 
becomes  unisexual.  In  nature  there  arc  usually  al)out  as 
many  males  as  there  arc  females,  but  Vung  has  shown  that 
by  increasing  the  quality  of  the  food  given  to  young  tadpoles 
from  fish'ficsh  to  beef,  and  from  beef  to  frog-flesh,  he  could 
raise  the  percentage  of  females  to  ul>out  ninety. 

In  many  rcspecM  the  development  of  the  ladiwlc  is  very 
interesting,  especially  Ixxausc  it  is  a  modified  recapitulation  of 
that  transition  from  aquatic  to  aerial  respiration,  which  must 
have  marked  one  of  the  most  momentous  epochs  in  the 
evolution  of  \'ertebrates. 


CiJissiFiCATiox  or  Amniiiiia. 

Ofilot  AXUBA  0(  ECACDATA. 

The  atlainmcnl  of  (be  ndull  fonn  'w~  auodalol  itilh  the  lou  of  inil 
anil  gjlln.    The  body  It  bioitJ.     The  long  uid  reiy  imucalni  hliiil-lc^ 
r  powoful  in  leaping. 


(«)  l%e  ftuo  and  its  ■llict  :— 
The  Bndih  froe  I  A'aMi  U\ 


<.''\ 


Troe  I  A'aMii  liBiftraria),  brotrn  in  colour,  villi  r  black 

jMlch  on  trie  iiidc  of  the  bobd : 
the  liilible  fitig  {X.iuu/tHtii),  not  indfetnou*  In  Britsin,  comniiin 

on  th«  Conlin«nl,  t;tc«niBh  fn  colout,  without   Ibc   blatk 

iKteh : 
lh«  Nfitlh  Ainctioiii  liull-frri);  (ff,  iiifiiiiatui,  wmctiinci  eifihl 

iiicliin  in  l«nglli.  u-i)h  a  very  lODoroui  crmk  ; 
tome  Aiialic  uiil  African  "  irM-trop,"  nich  ■*  /tk^i^emi  anil 

tfyt4rolim: 
tome  loolhleu  fiop.  luch  at,  lh«  Amerioan  Dttii^wbalu. 
I'hiiK  allicil  t<i  ihc  ((i*il.  all  tooihlea*  :— 
the  tuaiU  in  Ihc  Uriel  icnic  [Bn/t),  o'lth  pobofioux  Mn ; 
the  erimsoa.Iiellicd  BtinUuiiifr  t^amu,  iha  Faucrkrolc  of  CSw- 

muiy  1 
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Uie  cm*  on  hb  back  uid  Icn  i  Ifyitdtt  m  tfvpnl  AoMrica. 
wtth  miA  fLevelopmefii  Kilnout  lueiajnotpbaMi  t 

Ibo  Soulh  Ameriaui  C^rattfknrs,  oi  wMtli  mnm  tpccks  lM<re 
tmnjr  pUlM  in  Ihc  »kln  dlhe  back:  PtMalti,  whkb  like 
■BAiiv  othrii  livn  (or  lh«  miml  pHI  «nclctpoaM] :  the 
brigntJy  oaluiiccd  Irrr'loods,  uieb  ■>  Hjit,  wtlb  ulfaaiiw 
diMi  at  ih?  cci'li  uf  the  (tigiu :  ti'tlttrfma,  Bilh  a  docaal 
eng-pouc)i  in  ihr  feiiuln  :  Lia/tlma  k*tkitetl4*i,  the  oidjr 
Am  pill  bun  ID  New  /cobuiil- 
(i')  The  Inncuclo*  Surinam  Toail  l/V/a  4UH/ru-<nMl,  in  wUefc  th« 

ccn  ilevclop  in  pouchn  on  the  back  of  tbe  Msale  i  and  the 

nlUM  Uthioiiun  coiiu  AVmi/mi.  uiih  a  "loilack"  rKtcmlimi 

iMckwatil*  un  each  ndc  of  the  head. 

Utilei  Ukouru  m  Caudata. 

The  tail  pcnlils  in  a<l>iU  )ifc  \  the  body  ia  cIin)Ea<«(l :  the  linb*  are 
iMak  when  ornnparcil  with  ihoti;  orAnun. 

[■))  KorniH  llkr  /VoZ/iu :— Two  eilani  (jraoa  Prattms  and  M^tvrtu 
both  wiih  |icititiMit  i^lU.  Several  tpedoi  n<  I'ritfi  inhaUi  the 
water  in  ilic  cavea  oi  Carinthia  anil  Dolmatia  in  Anuria.  The 
l^llt  [ivniKi,  Ihcrc  ate  l<ro  pun  nf  liiiihi.  The  cj-e  arc  de- 
Ijriieralt,  the  eolourt  OM  iicile.  oi  wc  iihould  npctt  in  caTc- 
aiiitnaU.  Two  (pcclc*  of  Afattma  (<it  A/autramkui)  occur 
In  Nonh  America,  in  river*  and  lalica,  wch  at  ihiiM  ui  the 
MiwlHipiii  mid  Olilu  bajlnfc  The  jiii^ont  of  the  ikin  it  wdl> 
ilcvclopn). 

{t)  l'omiBlik«.fi'>VM,'^Twoexlant  |[eiieta,.S»*nand  A^a-MranvAiM^ 
lioth  Noilh  Anicricaii,  boili  with  jienitlcnl  glib,  with  only  the 
anterior  linil>a. 

{<)  Fonni  like  the  newli  and  Mlamandeni— The  h'oilh  Amciian 
AmpMuma,  with  two  p4trt  of  niilSnientary  Iws  with  a  tMi  pn- 
>iiiui|f  in  adull  lift  at  a  rerntiiiiit  uf  the  sillod  ualc:  Mtgat^ 
lalraekHS  ot  CwyN^ranekui  •aaxiaim,  the  Taritwi  liring  AmpU- 
biun,  found  in  Japan  nnd  Thibet,  allajni  a  lenolh  of  three 
feet ;  Amt/yiltma  and  iu  gillrd  foim  Ihc  Aioloil  i  Dnnusm/^Mi 
/aua,  the  common  walet  Mlaiiuuidet  of  the  Unlictl  States  lav* 
iu  eyp  In  a  wmth  ohlch  one  of  the  mxcs  lolnci  touikI  tU 
body  i  SalMmanJra  ma^tiMia  and  .V.  atra,  Ixiih  Europtsn.  both 
viTiparouii  the  n«wtt—  Tn'lffa  or  Aff.\r  —  of  wUch  Tnifni 
a/ptifrii  beooniei  smially  nialuie  while  ililt  Urval. 

Ordet  Gvuttoi-iiiONA  m  Ai-oi>a. 
Wonn-llkc  or  inakr-Uke  fanni.  lubtcirniieail  in  lialiil ;  nithout  linb* 
01  girillt*  ut  lull :  Biili  (tcmiic  tcalet  concealed  in  ihe  iJtin ;  in  at  leaal 
•uine  forms  fplte  occur  in  Early  life ;  ilic  eycii  nic  nidimontaiy;  iioculLu 
"(entacUa  are  conncdcd  with  Ihe  mUi,  and  ate  pcihapa Muivaltfit 
lo  the  "  balanctn."  which  occur  in  larval  Uiodela  in  ftonl  ol  Ihe  linl 
(rill  cleft.     CrciUa  in  West  Africa,  MalabiT.  South  Ameiicai  Si/lumtfi 
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in  Breiilimd  Mnicn;  Efitrimn  in  Ceylon;  Hiinatrttiia  io  CajmiiQi 
Cmitia  (gtafinuiiainia  U  viTiittroui, 

Ottlcr    LABtKlKrHODOICTtA  OI   .'^MlOCXt-TtALA. 

Exiinct  formi,  occurrinu  fiom  CaibciniflnouK  Ii>  Trixuic  ^itiatn. 
Dermal  xmiour  U  ptcMnt,  the  (e«th  nre  Treqiicnlly  rolded  in  a  com- 
pki  manner.     Mait^thaiaiimi,  DtnJrafttoH.  Arei^itmrui. 

Uft  ^Ainfi»M«mi, 

Mod  Aninhibians  llt«  in  o>  ncitr  Enth  untet  ponil*,  twtnipi.  uid 
BUinfaes.  Li-en  ihow  aduiti  which  hnveUutkll  Imoe  of  Kills  aic  luunlly 
fond  of  watFt.  The  trcetuadt,  tuch  u  //fJlitUeiuaally  aihoreal  b 
tulxl.  while  ihe  Cyninaphiooa  and  some  towlt  u«  fubWcrancan. 

The  bkck  .Saltunaailei  {Sa^tnmJra  oTm)  of  ihe  Alp  livn.  wheie 
pools  of  walei  ftic  scarce.  miU  inMcul  of  brining  forlh  gillnl  yonng,  lui 
lU  rclnllic  the  «|>ot(e<l  txliiniiiiiilrT  iS.  maniUia]  ilijtB,  liean  Ih«m  al 
lunc'lvatheiNnndonlyaintir  »t  ft  lime.     But  if  ibe  unborn  younc  nrt 

lemoved  from  ihe  body  ol  ibe 
Riothei  mil  plaonl  in  soier.  ilicy 
liirtn  gfil*  like  olhcf  Udpolc*. 
Wiihin  Ihe  nuiiher,  the  letpini' 
tion  nnd  milriliun  of  thi*  young 
secmi  Io  be  cfTccIeil  by  ctuwtis 
of  red  blood  cotptucles  which 
ore  (tiichiuged  fram  the  uulli  of 
the  ulcrux. 

Spcda  of  ///Awlcf,  >ucli  ai> 
//.  BiarfsniuMiii  i>i  ihc  Wctl 
Iniliun  lirlandH,  live  in  recent 
where  there  are  few  pools,  tn 
Btjeh  cases  lh«  licTclopnienl  is 
completed  ailhio  Ihe  CKC-oue. 
and  a  lung-breaihine  tailed  luva 
u  hstchcfl  in  aXmiK  fontlecn 
dayt.  It  li  likely  thai  Ihe  tail 
help*  In  rttplnlion  Wfoio  hilcbing,  but  one  otaave*  Kporls  the 
pietcnco  of  small  iplia. 

In  Mine  Mexicui  kn'l  K.  Antertcan  lakct,  there  is  an  inletntiag 
amphitrian  known  u  AmUnftma  or  SiriJm.  ll  hai  Iwn  fonn*.  me 
lotuig  ill  gilU  [AmbfyslMi^,  (be  olhct  tcUining  them  [AxUmH.  Both 
these  formi  leptoduce.  anil  bolh  may  oocui  la  tbe  ciunc  lake.  Formerly 
Ihcy  were  referred  to  different  genera.  Bat  (he  bcl  thai  wme  Axolotti. 
krpt  tn  Ihe  Jardin  det  PUnles  In  I'hriH,  loM  iheit  gilK  when  ihei* 
suttoiindinj;«  mcic  allowed  Co  become  tcM  moim  than  iiiual,  lol 
MtuialisIB  to  (teogniic  that  the  (wo  fonnt  were  but  diffcnnt  phatci  of 
one  ipvdM.  ll  luu  been  showo  repOktcdly,  thai  a  plln)  Axoloti  may 
be  tn»uifonDe<l  into  a  kam  without  klIIs.  and  tbii  meiamorphoiis  seenu 
to  oecitr  coniUDiIy  in  one  of  ihe  Rocky  Mountain  kkci.  The  &cti  do 
not.  boaecvet,  jutti^  the  baity  conehniim  thai  Ihc  change  bom  the 
filled  10  Ihc  gill-leu  form  U  dGternilne<l  only  liy  dlifctcnces  in  amniinl 
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of  miMfluri:.  Tliu  ImBlciiinalioa  majp  imltcd  take  place  in  nattt, 
uvd  both  Axulotl  ini]  AmUyilema  hive  been  oljenveil  in  the  mmi 
Uhe.  Futtnet,  the  alnenMor  picKnccof^li  isnoi  th««nty<liirecenc« 
lH;itt«cn  the  iHxi  fotmi. 

Ai»|'Iutiiiuu>  uc  veiy  dcfcncclcu,  but  iheticolMin  often  eonoc«lllietD. 
Nut  B  few  liave  eoiulaerablc  oovet  of  colout-dutnec. 

Many  Am|ibibiui»  lit«  alonr.  Ikii  they  uraftll]!  conpmlc  U  the 
bmdint!  uasont  when  the  Kmuioiui  in>lc»  often  eiotSt  noSnif.  AUkc 
in  liieiMOve  uiil  thcii  hunj^  Ihcy  lue  most  KCti*c  in  llic  twilitlil. 

TtietT  food  luiuUy  coiuitli  of  wumu,  iiucct  i,  tXiigi,  and  uihet  Mnall 
Miimnlt,  l)ui  Home  of  i\ir  lin-cl  fotmi  titka  a  iini«  vegjecuiaa  in  diet. 
They  arc  itilc  to  lumvc  prolonged  faitinE.  and  oiiny  mbcnutc  in  the 
muii.  Thau([h  the  familui  laid  of  "loadiwiihin  xtttaa""  arc  f<M  the 
niMt  pMI  buLCCurale^  there  ii  no  doubt  that  both  fiop  and  UuKlt  cu 
lurrive  proliinceil  Itnptitonnicnt.  Baida  having  pou  vital  tEnaclty, 
Amphibuuii  haie  cunaidetmhle  powci  of  rcfinlrini;  injuriet  to  lh«  tail 
01  limbv 

Allhuugli  the  lifv  of  AmphilHaiu  BeeiDs  tu  have  on  an  average  a  low 
l>oicniinl,  even  Ihe  tnoil  ulugpA  wike  up  in  conaeeiion  wiih  tcprnduc- 
tiuQ.  The  mnJc*  often  difler  6am  Ihcii  mates  in  nte  and  colour.  Some 
of  iheir  rarentol  haUtt  *ecm  like  strange  cipcrimealx. 

Thu*  in  the  Surinam  load  IPifa  amtritaitaS,  the  \ti*tfi  *tX'^  *"  placed 
by  the  mule  on  ibc  Inwlc  of  ihc  female  am)  lenlli>«<l  ihetc.  The  skin 
becooiei  much  chaiued — doiiblleH  in  mponM  to  tlie  slran^e  imtolion 
— «nd  each  fcrtilumi  m'um  aa'ki  into  ■  little  pocket,  which  ii  cloicd  by 
a  Celalinoui  lid.  In  ihocpockeuihccmbn-oi  develop,  pcihuptabiotb- 
Ins  loine  nutritire  material  liDcn  the  tliin.  They  are  biuchcd  ox 
minUlnrc  adnlu.  In  Jftldrrm  and  OfitlhtdilfUs,  the  fcniolc  hai  a 
doml  pouch  of  *kln  r>pening  po<<icriorly,  and  urithin  thin  tadpolo  om 
halchcJ.  in  Rkiindtnita  danumii,  ihe  male  csntei  the  ova  la  liii 
capadoui  Cloaking- son.  In  the  ca«e  of  the  obnlcuic  (ciad  {Afylet 
abittlritatu),  not  unoommun  in  some  puia  of  the  CuntiDcnl,  the  miale 
cattici  the  iiriogi  of  ora  on  hi*  back  and  nboui  his  bind  Itgi,  buries 
himself  in  dunp  earth  until  the  development  of  the  cmbnu  a  ap. 
Moiling  comnletion,  ihen  plunge*  into  a  pool,  whcic  he  u  treed  front 
hi)  living  turaen.  Thui  amanK  Amphibians,  at  Jinuing  tliho.  the 
iiutn  uiinclimct  take  upon  llieniMlvn  the  la«k  of  halfliini;  (he  egp. 

Ill  llic  Anura  the  ova  arc  fciiiliw:!  Iiy  the  male  ai  they  leave  ih« 
oviduct ;  in  the  newt  the  male  de[iu»iCt  a  ipcrmalophoie  in  the  wiM 
dOM  to  the  li'in.ile ;  in  SahmatMra  aira,  S.  manileta,  and  C-Ktlim 
lovtfrtttKamtla  Ihe  fertilisation  must  lake  place  Iniemally,  for  Ihe  ;ouiig 
are  liatched  within  the  mother. 

The  tm  of  the  frog  are  Uid  in  nuMe*,  each  being  luitnundcd  by  a 
glolic  ofjetlyi  thoic  of  Ihe  toid  arc  laid  In  long  nilngH;  IhoM  of 
ncwu  are  lixcd  ulngly  to  uaiet  planu;  thoM  of  totnc  inM-uada,  tndi 
u.  Ifyltda,  are  laid  cm  ur  nndtr  leav««  in  m«l«l  places. 

In  SaioManJra  aim,  Pifa  amfrKama,  Mf&Jti,  and  Ctfi/it  nm. 
/niiimnda,  Ibe  younn  arc  batched  as  miniature  adukti  and  marked 
inetnmorpho^  can  hainlv  be  «ud  to  occur  in  nay  Urodelo. 

There  are  about  900  living  tpecici  of  Amphibia,  nu»l  of  then)  tafl- 
leu.    All  are  averM  to  aall-irater,  hence  Ihcir  ahtonce  from  alino*!  all 
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oceanic  iilnnd*.    The  Anun  oik  wetl-nicli  counouotiLui  i  Ib«  UiudeU 
we  liinilcd  la  the  icmpcmic  poitt  of  the  Dunhctn  hcmiipherc 

History. 

It  it  likely  that  Amphibianx  were  derived  Trom  a  slock 
from  which  the  Dipnui  3n<I  [ic-rhapN  ,-ilso  the  Elasmobranchs 
sprang.  The  order  l^byrinthodontia  or  Stcgoccphala  does 
not  seem  very  homogeneous ;  it  perhaps  includes  Ito  or 
more  distinct  orders.  Of  extant  forms,  the  Gynmophiona 
arc  more  old-rash ioned  than  the  others.  The  modem  types 
gradually  appear  in  Tertiary  times.  Some  of  the  extinct 
form.s  were  gi((anlic. 

Huxley  has  emphasised  the  following  aflinitiea  between 
Amphibians  and  Mammals : — the  Amphibia,  like  Mammals, 
have  two  condyles  on  the  skull ;  the  pectoral  girdle  of 
Mammals  is  as  much  amphibian  as  it  is  saiiropsidian  ; 
the  mammalian  carpus  is  directly  reducible  to  that  of 
Amphibian.H.  In  Amphiliians  only  doeti  the  articular 
element  of  the  mandibular  arch  remain  cartilaginous ;  the 
quadrate  ossification  is  small,  and  the  sijuamosal  extends 
down  over  it  to  the  osseous  dements  of  the  mandible,  thus 
affording  easy  transition  lo  [he  mammalian  condition  of 
these  parts. 

There  are  many  remarkable  aflinities  between  the  Lab>Tin- 
Ibodont  Amphibians  and  a  da»  of  extinct  Reptiles  known 
as  Anomodontia,  and  as  the  latter  have  aUo  many  affinities 
with  Mammalx,  it  is  possible  that  l>oth  Mammals  and  Ano- 
modonts  diverged  from  an  Amphibian  stock.  The  strange 
extinct  Eotetnipoda  of  Credner  seem  to  unite  the  Stego- 
ccphala  to  the  Rhychocephalia,  a  class  of  Rcptil(.-s  now 
represented  by  the  New  Zealand  "lizard"  SpAtiiodon. 
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:;ilKI.OVI.t.      KKVKCIIOCKPHAl.tA.     LAOUcnUA. 

Oi-RiKiA.    OiKLOMA,  aad  Extinct  Clasbs. 

TiiK  dt^trae  ftninulx— 'I'ortotset,  I.tz>nJ^  Siukea,  Croco- 
dilians.  &c. — which  srv  classed  together  as  Kq>tili:4,  arc  ih** 
modern  representatives  or  those  Vcrtcbtates  which  first 
became  independent  of  (he  u-accr  and  began  to  possess  the 
'  drj'  land.     While  ahnoM  all  Amphibians  spend  at  least  their 

rth  in  the  w.iter,  breathing  by  gills,  this  is  not  necessary 
Reptiles,  in  which  embiyonic  retpinilion  it  secured  by  a 
tvoscuuT  frctal  membrane  known  as  the  alUntoiK.     As  in 
sti)l  higher  Vertebrates,  gill  slits  arc  present  in  the  em- 
bryos, but  they  are  not  functional,  and  arc  without  gilb. 
L'Keptiles  are  essentially  creatures  of  the  earth,  but  many 
flizards,   snakes,  and  turtles,  and  all  the  crorodilians,  arc 
aqtiati&     Partially  marine  forms  ate  represented   by  the 
C^apagos  lizard,  which  swims  out  among  the  seaweed,  by 
some  crocodilian.t  which  venture  tlown  the  estuaries ;  some 
turtles  live  far  out  to  sea  and  only  seek   the  shores  to 
lay  their  eggs ;  the  Hydrophida^  or  sea-snakes,  never  leave 
the  vrater. 

Reptiles,  Bird.s,  and  Mammals  are  often  distinguished  as 

Amniota  from  Amphibians  and  Fishes,  which  are  called 

tAnamnta,  the  terms  referring  to  the  presence  or  absence  of 

Ik  charactcriBlic  protective  fwtal  membrane — the  amnion^ 

riih  which  the  allantois  is  alnays  associated. 

Of  these  three  highest  classes  of  Vertebral w,  the  Reptiles 
and  Birds,  so  diflercni  in  form  and  habii,  .ire  united  t>y  deep 
structural  resemblances.    These  were  first  clearly  recognised 
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by  Professor  Huxley,  when  he  united  the  two  classes  as 
Sauropsida,  in  conltast  lo  Mammalia  on  ihc  one  hand,  imd 
Idithyopsida  (Ampbiliiaus  and  Fishes)  on  the  otht-r.  Let  us 
state  xume  of  thcrontraM.i  whichheiccoKnised,  noting  at  the 
same  time  that  Kcptik-K  form  among  Vcrtehntes  a  great 
central  assemblage,  likt  "wnnnt"  among  Inwrtebrstes, 
rather  a  number  of  classes  than  a  class,  exnibittng  affinities 
not  only  with  Birds,  but  with  Mammals  and  Amphibians  as 
well. 

Affan  wc  >h«U  vinually  c|uote  from  IluAley  in  noting  vm\e  of  the 
dEilincliant  bclwccn  R«ptilci  and  Kiidi  :— 


ItiiiTibu, 


nctmdnlaue  <f>n>l(ii  or  hrnny  <p!' 
ilniilil  iriw.  cr  of  km)'  riimul  Kuiti. 
wofhedi. 

Tile  ctnlHi  of  Ihc  wtwIkib  *n  nnly 
lik>  i(m*  «r  birdt. 

Wb«n  Lhtn  l\  ft  ucnin,  tu  vrrleWic 
(utimlly  two  in  iiuinbcr)  h>*«  lufffi  9%^ 
panilMl  HIh.  wlih  ih*  tiuli  of  ohich  l)i( 

Itk  Uli(ul4lt. 

Tlw  cvlibjiinouk  «nniim  nuy  bftotma 
hoay,  but  ii  i>ai  rrplonil  Hy  rnqmlirvK 

W>ieiuKeicuU]|ulcrcUvjda,ilr<Riai»i 
diHlincI  from  [lip  tikvjfk  and  ^trrnum. 

ThF  hftnil  hu  ni^t  IhAA  iXuve  diifit*, 
UKl  Jil  kau  iht  llirtc  nullntn  iin  cUwaj. 


1)1  liviiie  tcpiilb  iti«  ilia  an  prolanfed 
furchcr  ^fhijiil  lh;Ln  in  frtjni  of  ih*  a^«(ik- 
bulinn  :  [he  pubra  ilojit  dewoMrd  iikI 
f^wirU ;  Lfacn  uc  puldc  ud  itetilac 
tymphyvtt- 

Thfrf  are  vf^vn  Ave  (on  ;   (he  IoivaU 

and  the  meuLUKtl,  remain  diibl  inci. 


At  !«■«(■«  wnk>i«lM»paifat;  only 
■h«  0««AUi  Inn  a  dnicuinlly  four- 
dumband  ban :  not*  <•  hw  njiat 
ttaMl  ainn  ■«  lo  the  ^oeieriot  hddy. 

Tlw  bo^  VMt  appmiimauly  Ih*  (un- 
pcntur*  or  ihc  Hlmundinit  miiUum. 

The  opilii  bba  lit  on  die  iifiptt  auriaci 
Of  ibc  Unin. 


HlNM. 


Theti  ia  an  oum  coveting  of  foathara, 
vkI  Ihough  ihert  nuy  Ih  a  fcv  nlta, 
Ihciv  V*  never  Kiiio^ 

The  crniri  uf  (he  itiia^rv  liaie  luuaUy 
a  bKitliir  rcrii\trbKl  'IvivUmix. 

The  L»D  kAcml  icncbflB  ba*i  mi  tU' 
pandal  riU,  they  fum  vlih  mho*  M  Ibnn 
a  lone  winfiw»  uu-vn- 

Th«  amjlacinoue  httmum  it  replaced 
by  mflmltfaTiB  lorefc  fmn  M«eral  oeenfob 

Wfien  thrrv  ii  Afi  ifiTerT:bvicl«.  il  it 
tvihrlufTil  with  ihfl  clavicleL 

Ihc  (uAil  }iM  1141  iiiitrt  lliafi  thrca 
ilicil>,a(id  ni  IIIC4I  iwurMliaibar^davcd. 
The  fon-linitA  are  motlifled  a<  vingt ; 
•omc  aayait  Uitt  oilh  (lie  meUtcai [uii, 

1'ht  ilia  ore  areflilyjiful  mined  in  frofil 
<V  ihe  iice»,biilum.  the  inmr  haII  of  vhicb 
»  iriemln^fH^v  Hie  pi»1r*  rioiw  back- 
waiili.  puitlif  ulih  ihe  iichia:  only  In 
5tnti\pt  ik  LhETi  a  piit>ic  eympbyiit,  only 
in  ^*rd  1,  ihv'r  i>  nil  luhlal  u«e. 

1'herc  tre  rioi  more  (h^ii  four  lo*« ;  the 
plDiimni  Ur^l,  uiiilD  wllh  I  he  hbio, 
r4ro>in2  A  tiT4)i^-lnftui  ^  (he  Ar>(  vela- 
uiialif)>rTiiCnLi4fi«,  but  (he  lhr*t  when 
are  fiA«£il  (4  nna  anoiher  and  to  (he  4li>tal 
lar^E^  Ibetni'iu  a  (nrt^nieiMareui. 

Thefe  It  h[ii  uiie  g,iftiic  «r<h,  (t,  4h« 
tiichi  :  (he  hean  i^  fobr-rhanil«fvtl :  tiic 
hh^^l  *f  III  lo  (be  hf^y  It  Liu'ely  aTUrial. 

Ibr  body  lempererurii  i«  »rry  hi^hh 

Ihe  iijiiic  l(ib«  lie  oa  Iht  tide  of  iha 
hnln. 

Ibe  lutic>  hara  aoKtand  atr  (MB. 

The  uiluna  laiirato  Ibe  boBOt  «f  (ha 
ahull  an  uaiislly  «blilcB*ad  at  an  awly 
atami 

la*  rich  oniy  >0«pbk>i 


rox7V/sss  AHD  turtles. 

CtaKK  Cjikixinia.     Tortoises  and  TutiIm. 
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Genkkai.  Chakactkiis.—  Tkf  tody  is  {omfaci  and  broad 
in  Ihf  r/gion  of  lk<  trunk.  Thtre  is  a  darsal  and  a  venlral 
shield^  wilhiH  the  skeJter  of  whith  Ihf  head  and  ntek,  tail 
and  /imhs,  tan  fie  uwrt  or  leis  rttratted. 

The  dorsal  shield  or  <araftKe  is  formed  from  the  neural 
Spines  of  the  fertehne,  from  the  expanded  rihi,  and  from  a 
series  of  marginal  plates  arvund  the  attler  edge. 

The  antral  shield  or  plattron  wnsisli  of  nine  or  M 
derma/ p/attf.      'There  is  tm  sternHm. 

Oivrlapping,  dut  in  no  ivajy  eorretponding  to  the  hony 
pkties,  are  epidermie  horny  plates  ef  "^  tortoise  thtll,"  whieh, 


FlO.  tga. — Eiil«rniil  appeaninceorTottoiw. 

thetugh  very  hard,  art  not  without  seHti/rvenrss,  numerous 
nert'ts  ending  upon  them. 

The  guadrate  is  immovahiy  fixed. 

The  jaws  etre  emrred  by  a  homy  sheath,  and  are  without 
teeth,  though  rudiments  of  these  have  heen  seen  in  same 
emiiryoi. 

The  average  life  of  Chehniams  is  s/uggish.  Perhaps  this  is 
in  part  due  to  the  «fay  in  v/hieh  the  ribs  are  lost  in  the 
earapaee,  for  thii  must  tend  to  maie  respiration  less  aetive. 

All  are  oviparous.  Tke  eggs  have  firm  usually  taleareout 
shells. 

Some  Peeu/iarities  in  the  Skeleton  of  Chelonia. 

The  donal  vcricbrx  >ccm  to  \k  wlihuiil  Innuvtrae  piDCcuo,  and 
olomg  with  the  flU  arc  fui  the  incitl  put  iminovabljr  fiucfl  In  the 
C3Lni|xiC7.     The  IjuI  uid  the  neck  aiv  llic  only  Scublc  rcfjjont. 
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icnilinf  in'O  1^'  tiMur  bctwnen  ncichliourinf  *pinout  proecwn,  and 
lUpcrlicially  up  to  Ihc  IiMilc  wbicli  list  itiffoirnIuil«il  Inlo  the  thlti 
Inyct  of  conncclin;  Xvsnvt  bclovr  Ihc  acalm. 

Tlir  I'cnliat  shielil  or  pluiioa  caniuls  of  i^tntnal  Ixinct:  according 
(ci  vimc,  ihrrc  antprioc  plecci  teplncnl  dmido  nnd  inlrrclivicle. 

The  cervical  valetiir  hait  al  mail  lilrle  ludimenli  of  ribj,  iie 
temarliRlily  iiriert  u.  i«chii1ii  ilirii  articular  bcc«,  and  give  the  neck 
nutny  poiinlillliiM  of  moiion.    Tlicrc  aie  no  lunilai  YCflelirx. 

Tlic  Uinci  iif  Ihtr  skull  are  immovaljly  unitcil  1  llletr  arc  no  onllSed 
nllhphenui'lt,  liiit  downward  ptoloni^tiont  of  the  large  |x<ricUH  lake 
llicir  place  :  neither  prnphcnoid  not  oibJioiDhcnoidi  ore  twifieJ ;  (h«t 
«e  no  iliiiincl  natal  bona  in  niiMlcni  Qieloni'iini :  the  premaKill.i'  are 
very  imall ;  there  are  no  leclh  \  there  ii^  a  complete  bony  palate  formed 


Fro.  19J— Inieriial  view  of  tkeleiun  of  Turtle.    |I>0B1 
KtlinbifrBh  Miiscuin  of  Sricncc  anil  ;\r(.) 

//,  bunHTut;  St.  >i.upu1iL.  lunntnt;  iltHMlly ;  t,  oofawld ;  t,t^ 
^•eomooid;  /^r,  (irv  coiactjid  ;  f.  piilic* :  ih  ilium,  runuinf 
■iBoally;  />,  iHtiium  ;  F,  (toiur. 

In  ereai  pan  From  the  juncllon  of  the  plerygoidt  with  ih«  iKuiiphmoid 
anil  with  one  nnoihcr. 

Therv  ii  no  iiernum. 

The  pecioral  fptitic  on  carh  niile  eontiiti  nf  a  ilandl  tcaplila  attached 
to  the  carafacr.  a  >«^nln)  corucnul  Imiini:  tnnilnally  .1  vmall  opicora- 
coid.  am]  unlrnui  ti>  llic  onuMiil  >  "  piCiTirai^ui'l," 

Thv  peli'ic  jjirdtc  consiitu  <if  clonal  iliu  Bllaclicii  I'>  Ibe  cura]iiice.  an- 
lerior  |iiil«.->  fused  in  a  s)-niphyus,  and  pmlcrioi  iuihia  tiiniUily  fiiiol. 

Tbi-  Kir^let  originally  lie  in  fioni  of,  ui  lichinO  llie  tilit,  hui  uc  ovbi- 
iircheil  liy  the  ounpict:  in  Ibc  couxie  of  lu  •kirluiirncnl. 
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Slime  Pttuliixritits  in  Ikt  OrgtiHS  of  Cketonia. 

The  brain  o[  ilic  luJiilt  iliowi  a  sliglit  <uivaiuii;.  In  Chelumu)!  and 
in  dl  hitler  animAk  exccpi  serpents  ihcre  ate  twelve  craaiiil  neryn, 
iat  in  BiTdilion  to  Ihc  utual  ten.  >  hypoglotHil  to  ilie  lontEuc,  and  a 
tptnal  MCCMOty  lo  ccwical  niiHcla  aie  nnkcil  ok  the  eleivDlh  and 
iwolfth. 

Tlw  pillet  often  Imn.  InlcnuJIf  pointed  hi>my  papiUc  dincud 
downw&rdf.  Thcte  are  blinJ  ixKkets  oi  anal  bum*  CDimectcd  with 
theclcoca. 

The  hevt  n  Ihm  diambcred,  Init  an  incompUie  >e[itum  divide*  the 
ventricle  into  a  riehl  ponicn 
ficmt  which  the  ruilmcmiiry 
arlcric*  anil  Ihc  left  aoitic 
arch  aiitr,  and  a  \eti  poiiion 
from  which  the  right  aoilic 
aieh  iuun.  Vttim  the  richt 
Buttic  ucb,  which  cunlBini 
more  pure  blood  than  the 
left,  the  carotid  and  miIi- 
clavlan  artcrio  ai e  jtivcn  nil. 
The  led  aoitlc  aii:h  j£ivct  <Ai 
the  cirliac  art  117  lieruto  it 
uuitri  «ilh  the  righL 

Unlike  olhet  KecrtiTea.  the 
Gielonioni  aie  aud  to  hare 
no  renal  pocul  lytrnn. 

TIm  liinip  ate  aliached  10 
the  domi  wall  (^  thg  Ihoraa, 
and  hKtt  only  a  vential  in- 
veMitteM     of    pctit«neum  | 

•adta  U  dl'vided  Inio  a  «nei  u4  compwiment*  lata  wUdi  bvanchei  o( 
the  b(0«Kliiu  opeo.    Ilierc  is  a  tlieht  imiituUr  diaplbracm. 

la  tbr  mala*,  the  WAntf.  (he  rt'ldidymii^  and  the  t«ln>,  Ik  ailJKcni 
to  un«  anMh«i  on  each  ude.  The  nulct  have  a  ctuivnl  vtnW  UUtched 
to  the  aMetior  wnU  or  Ihe  cloon     Thcic  li  a  urinary  l^dci. 


Skull 


V\<.:.  19}.  — T>lucorii,in  ii(  niclnnlan 
heart.     (Ader  Ui;xmv,) 

nK.RIsbihaXor>*iiiTi(Ic;  (,w|«iin:  t^, 
kft  hiir  3  venaidE  1  m,  rigbi  iwidc ;  I.M., 
left  iDtkIt ;  Lat.  Mi  wm\c  inh  :  rjt,  tigbi 
■onk  ath  :  f.*.,  inilmuaaiT  anh. 


Claiiifiattion  «f  CMonia. 

L  Atiiic<I.    Vetirtirx  and  ri)«  free  fiooi  hony  dijeh). 
wlUiowl  dneeniliD|[  pfpcwac  faom  paiktahL 
Sphkfglilr,    lealbn   lurlla,    with    flexible  oampace.     Dttwmtluijn 
MrteiM,  [h«  unly  livhic  iptcle*.  ibf  hnM  nodtrD  OielaMian.  M«M- 
llmm  nHMitffais  rii  fe>ft  w  leneili.    It  b  wUeljr.  km  mow  nuM-ljr,  dii> 
ufliuled  hi  Irofnoal  mmI  trniimale  «Ma,  am)  b  aud  to  1*  btmvoraiM. 

!!■  Tiik(x>i-iii>aA.     1'>'ir><al  vcttflme  and  tiln  fiaed  in  Ihe  carapacti 

NfUtal*    iiriiL<n|[nl  d-umwartk      Incluilinc    'he   dlkiwinK   mhI 

•Xhei  laialUta. 

f^bnfihr.  narinc  larlloK  with  lln'liLe  feci,  and  partially  •naifittl 

araivn.     Tliry  vttMt  In  inlitlrofilcal  Maa,  ami  iHir)'  iheli  wfl-JirllMl 

Qp  nil  «Bdj  •boiok     11m  ireai  Ivrile  {Clifhiu  nriJit)  b  aiudl 
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eiteemcd  m  feod ;  Ihe  hiiwk't-lnll  tunl»  (.Ctirttia  imtrltata)  fuiniihct 
much  of  ihc  tonimerriitl  lortoiw  thcll. 

Tetludinittri',  laiiil  lurtoim,  with  convt^  iierferlty  UHifiDil  cantjuirc 
•nd  feei  uhplcil  for  walking.  They  ak  found  in  itic  warmet  ici'mii* 
of  bolh  ihc  old  and  ihe  new  world,  Ihii  not  in  AutiraJis.  In  diel  th«y 
ar«  *C|[(tEtriAn.  The  comniun  loniiiw  ( Tciltnio  graiay,  and  the  cxlettni- 
nated  (pant  torialict  of  iha  Mucarana  Mtd  (.lalapacM  IitUndt  ore  good 
repreteniaiivct. 

Chelydlilo',  f^c^h  water  lorloisin,  more  or  ki»  amiiitic,  with  per- 
feclly  (ntlfied  campice.  and  Arei  with  iharp  cinu-t.  i'.i.-iiniiln — Cktiyt 
fimiriala.  itonx  Ucuil  and  iliv  tltii.inu.  with  waiiy  growliii  of  dccep- 


Flii.  194.— Iloxrl,  and  auncinicd  i-oaebi,  of  Tottwfc 
(After  NtiiiK.) 

ra,  Rlibiuridt*:  oipnlx'  vinx  •:i-tirfi,",i  taml  InfrrW  xno 
aatati^'JmMrU.  •  v.  Itinhilutfutyiiriiitle:  Bulniunarytfirnln 
(/l«)  and  l«f)  aonk  nrch  (^-dtf)  law  ii ;  c«]  no  I  be  ;  '/4^  Jurhftl 
MiTU,  /-*.  1,*^  auriciv :  /.iv  puNnonJO'  "^nt  tnnc  li-  f-^,  \Af\ 
h*ir  of  niittidv  :  riifhi  durkif  arcli{r,ri>>X  tividjc  ulT  <*r^i[idi  (r)  and 
vubctavuuiB  ^/-i-/).  luvtA  il- 

tvvt  nppmranc? :   Emyi  irikularii  common  in  S.  Enmpc :   Chitydia 
and  Sta;i9.limmys.  ihc  acjunlii' temipini  of  K.  Amerira. 

Trill^r(^hid[l-,  fmh  Hiiler  turtles  with  deprcurd  carapace  coveroJ 
M-ilh  wft  iliin,  with  weljlol  •lijiiih.  iLiich  fool  hu  ihorii  claas  on  Ihc 
Ihrec  [nnrt  diKilk.  Tliry  »i<'  CHriiivoiuut  In  hnliil.  Rxiiiii|i1«~  Trifnyx. 
J.ttia«i,-m.  j^angttiiU',  Ht'ltfi'Hi,  ftoni  Jn»B,  the  Gincoi,  and  ihe  Site 
rctpeclively, 


Ksn-Jiss. 


Class  RHYNCriOCKPHALU. 

1*ho  ODty  living  rcprc§<:ntatjvc  of  ihtK  cUm  it  (he  Mew 
/^uibnd  "Utwi"  /tiifUrui  or  Sfhenodon  fHiutatus,  ibe 
'I'liatiirii  (if  tin-  Mauris.  Lixard-tikt.-  in  apiwarancv,  it  mca- 
niircH  from  oitc  to  iwo  feel  in  length,  has  a  compressed 
rtcHted  lail,  i*  dull  olivc-griNir  *])oited  with  >'ellow  above 
iind  whiliih  licluw.  It  is  now  rare,  but  is  l>eing  preserved 
In  tome  Ntnnll  islands  olT  the  New  Zealand  coast.  It  lives 
tn  holi-s  nmori){  the  rocks  or  in  small  burrows,  feeds  on 
HniEill  iiniiiiAlft,  and  is  nociurnal  in  habit 

'riic  )ikull,  unlike  thai  of  any  liiard,  has  an  ossifiud 
(jimdnUii  jiift^l,  an<l  thtfru-foie  a  complete  infra-temporal 
ntcjdc  ;  ilic  ijuadralc  is  fiimly  unilcd  to  ptef»;oid,  squa- 
niuHal,  iiml  i|U3(lrn[oju){al :  the  pierygoids  meet  ilte  vomer 
And  separate  the  pnlaliiKi ;  (here  are  teeth  on  the  pabtine 


Pifl.  \^%^—H«Hiria  <ii  Sf^iHtdiH.    {After  Havkk.) 

in  a  Rin|;l<r  longittidinAl  rgw,  parallel  «rtth  those  on  maxilta 
■nd  mandible,  and  the  three  sets  seem  to  westr  one  another 
away;  there  is  also  a  single  tooth  on  i.-ach  side  of  a 
kind  of  beak  formed  by  the  premaxilla: :  the  nares  arc 
divided. 

The  veitcbrfc  arc  biconcave,  as  in  geckos  among  lizards 
aiid  in  many  extinct  Reptiles.  Surue  of  the  ribs  bear 
uncinate  processes,  a^  in  Birds;  as  in  i-rocodlles,  there  are 
numerous  "nhdominal  rihs,"  assifjciuions  in  the  subcutane- 
ous filjrous  tissue  of  the  alxlomcn,  The  anterior  end  of  the 
"  plastron  "  thus  formed  overlaps  the  posterior  end  of  the 
sternum.     Clavicles  and  inlerclavicle  present. 

Tlic  pineal  or  parietal  eye,  wliich  icaclies  the  skin  on  the 
lop  of  the  head,  is  less  de^unL-rbte  than  in  other  animals, 
retaining,  for  instance,  distinct  traces  of  a  complex  retina. 
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New  tha  living  Sfhitiiklan,  th«  IVnnian  /'^almkaHtria,  the  Triuaic 
Hyftmlaftden,  anil  mine  utiict  iinjxntanl  typci  may  be  riiikcil.  Along 
Willi  ihai;  may  be  included  ihe  temnrkablF  rn>trrosanrui  trom  ihc  Pci> 
mUn,  UiouEli  Seelcy  mablithn  for  ii  a  i.pecial  oidcr  ['rolerounria  u 
dutinguBhcd  (roiii  ]{hynr:lKK«phiiliiiM  Aci:ntilinc  to  Itaiir,  iiuatcci  by 
Nich^uin  anJ  I.yilrkkrr.  "the  Kbyiichocspluilli,  lufielher  wilh  the 
I'rtileio-auriH,  Va  which  Ihvy  are  clotcly  allJM,  are  oeitnitily  the  niMl 
CcnemliKil  Kti>u|i  uf  all  Keplilei.  and  come  DMieil,  in  many  reipecli,  to 
thai  order  of  Reptiles  from  which  ill  oihcn  took  Ihcb  origin.''  We 
have  already  noted  how  they  oie  linked  lo  die  Amphihin. 


Class  I^CRRTILU— Lixards. 

This  class  occupies  a  somewhat  ccntial  iiosition  among 
Kcplilcs. 

Genekai.  Characters." T"-*?  daily  is  mualfy  tttll  (tnvrtd 
tvi/A  ualet. 

In  most,  frulh  /ore  ami  kind  Hmbs  are  developed  and  /•ear 
flawed  digits,  hit  either  pair  or  bath  pairs  may  be  absent. 
The  shoulder  atid  hip  girdles  are  nlways  present,  in  rudiment 
at  least. 

Vnlike  tnahes.  Hoards  have  non-expansible  mouths,  and 
almost  ahvays  movable  0elids  and  external  ear  openings. 

The  teeth  are  fused  to  tht  edge  or  to  the  ridge  of  the  jaws, 
never  planted  in  toekets. 

The  tongue,  bntad  and  short  in  some,  e.g.,  Geekus  and 
Iguanas,  long  and  terminally  elabbtd  in  Chamaleons,  is 
i^tenest  a  narrow  bifid  organ  of  louek. 

The  opening  of  the  eloaea  is  transverse. 

There  is  a  urinary  bladder  and  a  double  penis. 

Most  art  oviparous,  but  in  a  fesv  tht  eggs  are  hatched 
within  the  body. 

They  are  usually  aitiveagite  animttls,  beantifulfy  and  often 
protrelwefy  coloured. 

The  eaudal  region  is  often  very  brittle  ;  lost  lath  and  even 
legs  may  be  regenerated. 

The  food  generally  consists  of  inteefs,  rearms,  and  other 
small  iinimals,  but  some  prey  u/on  larger  animals,  and 
others  are  vegetaritin. 

Mast  are  lerreitrial,  some  ar^real,  a  few  semia^alic,  and 
there  is  one  marine  form. 

Lizards  are  most  a/mndanl  in  the  t/vpies,  and  are  absent 
from  very  cold  regions. 


S?" 
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Some  Ptfuliarilies  it  the  Skeieloii  of  Lizards  (mostly  quoted 
from  Huxle)'). 

The  epidermic  cimkclclon  of  koIm  i*  (omviinia,  n  in  ^nUdtu, 
HMncUud  H'ilh  tcutn  ni  Mutioilnm  in  ihc  <tnnil)w  In  Gcnot  and 
Amplilihemu  llicro  U  Imtilly  any  ('viikd^'ion. 

Kicvpt  the  CMkcn.  all  lirine  LiiAcdn  hate  procrrloui  itftthrx.  Tbc 
Mcrnl  vrrtvhnf,  two  ot  rarel]'  ihtFc  in  nunibn.  are  not  foatd.  tJndcr- 
ncsili  (he  vertebra!,  in  the  inicrior  pin  of  the  tail,  tliere  arc  uually 
>[ircial  "  ch«vron  "  bonea.  In  taiMj  cuk«  Iherc  it  rb  moMliccI  lepdaiB 
Bcron  the  middle  of  encli  cauital  retielira,  and  It  W  maom  ibia  thai  the 
tail  so  leatlily  tnenk*. 

In  Ilie  kkiill,  [hric  i>  an  interorhilnl  ^rviunt  except  in  AipphitfaaniM, 
there  are  iiu  aliiphmmdi  nor  rompletety  ututinl  umpbenoad  ot  orlitlo- 
■phenoiiJH,  iherr  U  usually  an  unouilieil  {wrielal  foramen  on  (he  roof  of 
tfio  tkiill.  inmuit  nnepipteryKoidior  "  columella")  miu from  ibepafielal 
10  the  pterygoid,  in  nunl  t!ic-ie  arc  ptomineDt  (NLrolic  pnxsnct  formed 
from  pioloniintiont  of  (hi.-  •npltth-iCies.  |>ro>olict  and  ex-oobpilaU,  latlh 
(be  outer  cntl  of  one  of  Ihrtc  prucmtei  the  i^uwlnie  articiilatct,  anil  U 
uauftlly  movalile.  ilic  (riintO' parietal  lesion  »  often  ■ilii;)illy  niorabte  en 
the  occlpili>-Kplicnoadnl  pan.  the  quadra  to  jugal  is  uiual'y  rtiir<»ccitcd 
\iy  Ufininenl  only,  from  ihe  union  of  the  polalinc  and  ptetjfota  a  irans- 
verw  lione  e^Iendi  to  the  maiilln,  the  iho  rnmi  of  ibc  lower  Jaw  arc  in 
moti  cntc>  fiimly  cinincclcd. 

Tcclli  >H'i'iii  nil  till:  prematillte,  matillv  and  ilenlarics,  aed  wtmetinica 
alii)  on  iwlalinci  ait-l  pivryijptdi.  They  geneialtv  IxKome  fuwd  (o  lbs 
ImnM  which  bent  them,  \vhcn  they  arc  atlocheo  by  ihdr  bases  to  Ihc 
riilgcof  the  jaw.lhcdcniiilon  lidctcrilinl  an  acroilonl  :  when  (heywc 
ollaeheil  by  their  tide*  lo  (he  aide  of  the  jaw,  the  dcniilion  ia  described 
a*  pltaroilonl. 

UKsCKll-riON   OF  .^   Ij/akd. 

The  roll<»wiii^  dcKtiription  applies  espedally  to  ihc  long- 
tailed  creeii  liKinl  (Laeerta  viridis),  found  abundantly  in 
jer»i:y,  l)ut,  except  in  minor  pninis,  it  will  be  found  to  apply 
equnlly  to  the  small  British  grey  liiard  {Laetrta  agiSs)  and 
to  the  viviparous  lizard  iiiootota  vivipara). 

Form  and  ExUrnat  Features. 

The  depressed  bead  is  scpatak-d  from  the  body  b>-  a  dis- 
tinct neck,  but  the  posterior  region  of  the  body  [kusos 
gr.tdunlly  into  lh«  Ion);  Uil,  which  is  often  mutilated  in 
capiufcd  s|)ecimens.  Uoih  fore  and  hind  limbs  arc  present, 
and  Imtli  are  furnished  with  five  clawed  digits.  Of  tbc 
apertuTL's  of  the  body,  the  large  mouth  is  terminal,  llic 
uxiernal  nares  are  close  to  the  end  of  the  tiiout,  and  the 
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cloacal  aperture  is  a  considerable  transverse  opening  placed 
at  the  root  of  the  tail.  There  is  no  exienial  car,  but  the 
tympanic  membrane  ai  either  itide  is  slightly  depressed 
below  the  level  of  ihe  akin  of  the  h«itl.  The  eyes  are  fur- 
Tii.thed  with  both  upper  and  lower  eyelids,  and  :iUo  with  a 
nictitating  nicmbnini:. 

Skin. 

As  contrasted  with  that  of  the  frog,  the  slcin  is  remarkable 
as  possessing  a  distinct  cxoskeleton  of  epidermic  scales.  In 
the  head  region  these  exhibit  a  definite  arrangement  char- 
acieristic  of  the  species.  With  ihc  jinaence  of  an  exo- 
.skeleton  we  niuttt  a.isoci.ite  the  nliscncc  of  ihc  numerous 
cutaneou.i  glands  of  the  frog;  ihcsc  arc  here  re[>rcseiited 
only  by  a  row  of "  femoral  glands,"  which  open  by  pores  on 
the  ventral  surfaoc  of  the  thigh.  Their  secretion  is  most 
obvious  in  the  male  at  pairing  lime.  The  histological  com- 
pavilion  of  the  skin  is  very  simitar  to  that  of  the  frog's  skin. 
Pigmcni  is  deposited  here  also  in  two  layers,  of  which  Ihe 
outer  is  greenish,  the  inner  black.  It  is  of  special  interest 
to  notice  that  ovt-r  ihc  parielal  foramen  (irt-  Skull)  the  bbck 
pigment  is  absent,  the  green  only  feebly  represented ;  in  this 
region,  therefore,  the  skin  is  almost  transparent. 

M^ny  1  Jtiit<I<i.  ''Uch  lu  tlic  Chanucleoiifc,  cihilul  in  a  reniarkalilc  ilcem 
Ihi!  [lower  ufraplillyclixni^iilj;  the  colouinf  Ihciibkin.  This  i«  due  lolh« 
fiKt  Ihal  ihe  pioto^iuin  of  Ihe  pigment  celli  cuntincia  01  eKpand*  uiuler 
neivoui  conlrul.  The  cliaiigeof  mloiu  is  loniciiini^i  adrontaffiNuily  pro- 
Icclivc.  I1UI  ii  iceins  often  to  b«  mer«ly  a  tcflcx  tymplom  of  the  aervtrnt 
cnndjiion  of  the  oninuls. 

la  a  few  cxm,  ij(..  unne  o{  ihc  tkinks  there  uc  mlnulc  Jctnul 
oaifieationt  licnealh  the  sealei. 

SIxblan. 

The  backlxine  consists  of  a  variable  number  of  verlcbrx, 
and  is  divisible  into  cervical,  dorsal,  lumbar,  sacral,  and 
caudal  regions.  Except  the  atlas  and  the  last  caudal,  all  the 
vertebras  are  proccxious. 

The  iIIiM  ciiiihi>l*  of  three  MT|«nlc  ^ikva,  iit  cciiitum  nuifm  m  iuimI 
as  the  rntf>iii"iil  iiriiWH  of  the  miw  There  arc  iwii  weral  iTriehr.e  with 
UtRc  ciparitlcl  Mcral  riln,  T<>  ilir  irnlial  nirbon  of  many  •>(  the 
caudal  vcitct>rx'  Y-sha|)e<l  'rhrirtin  '~  honn  are  otLarched.  Acioh  the 
centre  ni  Ihe  cautkl  vcrlebne  Ihrre  ntendi  a  median  unuuificil  *une.  il 
i*  in  thlt  reifian  tlwt  separtliun  iak»  plaoc  when  a  itailleil  luanl  Imca 
its  tail. 
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The  ribs  arc  numerous,  but  only  five  reach  tlw  Mcmum. 

The  skull  is  well  ossified,  but  in  the  region  of  the  narcs, 
in  the  interorbital  septum,  iic,  the  primitive  caniia^nous 
bminbdx  persists.  On  the  donal  nurface  the  bones  exhibit 
numerous  impreKsionit  made  hy  the  epidermic  soles,  which 
render  it  dimcult  to  distinguish  the  true  sutures  of  the 
bones. 

T*o  futed  parieUlt  wilh  Ihi! nnindcd  mtdiin  ** pam'ctal  famncn," Iwa 
fronlili,  and  ihc  two  nauli,  arc  itiv  most  imporUnl  conirtilucnls  wT  ihc 
roof  of  [he  skull.  Anicriotly  the  [ncniuillc  appear  bclwwn  (he  nauli, 
while  poilniOTly  the  licklc-thapnl  M|iiunoMl  U  ullBCheii  by  n  luture  to 
the  pactetal,  and  j(  ovcrlnpptd  \iy  one  of  the  iwo  small  tu|>ra-tempnrsl 


Km.  lyo.      -Sidg  viuw  .j1  jI.liU  ul  LiLLiiJ-      i.Vri^T  \V.  K.  fAKKKX.) 

/X-,  Prvmakilb:  r.i-,  vtHrnd  noiEril;  ncr.,  monilU;  /-,  lull- 
ryniili  A,  Jugul;  I1-.  opiii  ntiv>:  f^.,  mn<-|uUilTit :  tf^.,tf\- 
lHeryi;wdp>V->P"i)''^i^-  ^yr<.l>Ahi'|iicii^uid;  A.4^.1ul>i<o:ii>l1alI 
1 1  Hiwlral"  ■  rr  f  ,  ■*— ipTTnl  — "■Ty!-i  jy..  *quamoka]:  /r.A.pnr^tk; 
/f.A,  poiKtUuJ ;  ii\-tti-,  kMpTa-»inpoT;i]>:  /«  .  pmph#naiil ; /l^-, 
BIHlLnolil:  J.a.A,  >u|iii4ililuli i  i,t.ii:  inur'i>il<[ul  ■Mlcli:/it. 
pR^OAUl;  jv.,  muBh  ^/- ,  oIIaciccy  mc;  4/-,.  uficulKr;  ^.,«ncD- 
ur :  (V-.  ■urencutui ;  ir.,  (nnmtrF  1  •'->  il'niair- 

botlM.     The  oibil  It  roofed  hy  a  tcrici  n(  onall  bona,  of  which  the 
aniarioi  and  |xn>trrinr  xtr  luiivctlvcly  known  at  |ite-  <u»l  poM-liunt*l. 

On  the  Aoot  of  llit  ailult  bVull  ihrrc  it  a  tiir|;e  linial  Uinv.  <:cimpa*al 
offuiccl  occipital  ind  iphenuidal  clirmi-ni),  and  cmlimird  futwntd  >*  a 
■lender  hor  timuplienoidl.  This  lione  givci  ot)  iwu  iloul  pioccuHi 
the  Ijanploygoltl  proccuci.  which  ortkuUic  with  ihe  plcrrsoius.  Bach 
(HerycoKl  i^  cxinntclcil  ptKierlorly  lo  Ihc  (luodralc  banc  of  ihe  cone- 
iponoieK  >idc,  hikI  aniiiiurly  «lili  ihe  paliilinv.     From  the  unkm  of 
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pMi}'g<iii1  anil  (nlaiine,  a  iioal  os  transvemiiu  or  tnuit-nUline  ementli 
aa\MtA*  lo  ihe  madlliL  In  itom  of  ifae  p*Tit[inci  tic  itic  mull  ii>mcn, 
u-hkh.  in  (heu  (uni,  arllciilalc  with  the  piniiBiUla  mil  nmxlIU,  tuth  of 
Bliich  arc  fumiihitl  with  •nial)  jminlcil  l«lh-  [n  the  (lOdoriiir  iryiun 
of  the  tkull  *r  liaic  tlilt  to  iiolicu  Ihe  lurge  ci 'Occipilslt  wilh  wliich  lh« 
oplMbolin  iiru  fuuJ.  nnd  which  arc  conlinunl  into  (he  oonifnaiuiu 
mmllc  prooenOh  The  laicml  u-illiaf  the  lukjnaucatre  bigel}- fonncd 
uy  Ihc  paired  pro-otkx.  Inicmcill),  an  imponnnl  bone,  ihe cpi|)teryccHd 
or  "coinnielU"  (not  in  be  coiifoumlol  wiih  Ihe  ndumella  or  dapn  ol 
ihecM),ciictidtfinm  Ihe  pmuticloihe  jiltrraaM.  The  orbit  U  bounded 
|XHl«riarlv  anri  inferiorly  riy  (he  Jiieal^.  T^ere  w  no  nnilicd  mlnilrato- 
jiif-al,  >nil  (litu  Ihe  laiirdkl  temporal  foraa  ii  open  below  in  Ihe  dried 
Kkull  Iccinlrul  J/aiUria).  The  othw  iotasc  ol  ihc  dried  iWuU  are  Ihe 
supra- temporal  on  the  upper  tui&cc.  and  the  posierior-lemparel  on  the 
poslenoi  face. 

Each  half  iif  (lie  town  jxw  U  compated  of  iAk  bonn,  which  do  net 
fute  in  the  hiIhIi. 

TSc  Zimis  and  Girdles. 

In  Ihe  shoulder-girdle,  the  flat  coracoids,  with  an  anterior 
prccoracoidat  region,  articulate  with  the  sternum,  which  is 
represented  by  u  cartibginous  plate  of  rhomboidal  xhape. 
Over  it  projects  the  long  limb  of  the  T-shaufd  inlcrclavicle, 
which,  at  the  sides,  is  continued  backwards  by  the  curved 
clavicles.  The  remaining  elements  nic  the  scapula^  which 
are  continuous  with  (he  cartilaginous  supra-scapular. 

The  fore  limbs  have  the  umal  parts.  In  Ihe  corpus  all 
the  typical  iiinc  lioncK  are  repreiented,  and  there  is  in 
addition  an  accessory  "  pi-Mform  "  bone. 

In  Ihe  pelvic  giidie,  ilium,  pubis,  and  ischium  arc  repre- 
sented as  usual ;  there  are  both  pubic  and  ischiac  sym- 
physes. 

In  the  tarsus  the  libubre  and  libiale  arc  united,  and  the 
distal  row  consists  of  only  two  bone*. 

Nervom  System. 

The  brain  consists  of  the  usual  parts.  The  cerebellum 
is  small  and  only  partially  overlaps  the  fourth  ventricle. 
In  the  region  of  the  thalamus  the  i^iiphysis  is  distinct  and 
conS])icuous,  but  in  the  adult  the  pineal  body  is  quite 
separated  from  it,  and  lies  in  its  connective  tissue  capsule 
below  Ihc  skin. 

AHmentary  Syi/em. 

Small  pointed  tcelh  arc  present  on  the  maxilla^  prc- 
maxillac,  palatine^  and  on  the  lower  jaw  ;  ihey  arc  attached 
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bf  ibeir  »def  (plemodoM).  Sritmy  ghod*  oootf  on  the 
Boor  of  ffae  nooA  caviqr.  The  omov  (nlla  puses 
^radially  into  the  laiwnihr  ^lomarTt.  «1iidi  again  iiuoex 

of  the  iw)$e  Jicwiae  tbov  ts>  cnaDcBaHk    A  vateni- 

Boos  liver,  «itb  I  s>ll  blftdder  cnbedded  in  ii,  snd  a  putcraas 

tobrided  ia  the  mcaewenr  bdow  the  stoiMd)  lia  the 
tootMkd  ^4een.  A  vhitbh  thpwd  gbnd  lies  on  the  ventral 
•vbcr  of  the  tncbca  a  ^mr  dislnne  in  front  of  the  bevL 


Fic  197.— llcan,  and  ■Moekicd  votck,  <a  LbtnL 
(AAcr  Ncriix.) 

J..RwX  Mick:  jl^«bH(/.>iBkcbwH<5u.kaDdMm«r 


t^i  iiiry  Htwr:  &A.iHhdariH:  .<>.,  ilval  aetu.     -4^  Wt 
inriel*;   niliiBmr*Jn(/j».)murk.     U  lU  lawJ  dw J4«d. 

The  heart  b  conipletclx  enveloped  by  the  pericudiuin. 
and  U  three  duunoered,  ooniutii^  of  two  ihin-wallcd 
auricles  and  a  muscular  ventricle.  From  the  rcntra]  sur&ce 
of  the  ventricle  arises  iIk  conspicuous  truncus  artertosus. 
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which  is  formed  by  the  bases  of  the  aortic  arches,  and 
exhiliils  a  division  into  two  (>ana,  Fmtii  the  more  ventral 
)iarl  ariKCN  llic  left  atinic  arch,  which  curves  round  lo  the 
left  side,  iirsl  giving  off  a  sliort  connecting  vessel  {duetas 
Botaliii)  to  the  rarolid  arch.  From  the  other  division  of 
the  tnincus  artcTiosus,  a  great  arterial  trunk  arises,  and  this 
gives  off  the  right  aortic  arch  and  the  right  and  left  carotid 
ar<:hes.  I'lie  right  AOrlic  arch  sends  u  dH<tus  BolxllU  lo  the 
carotid  arch  of  the  right  side,  and  then  curvi^  round  the 
heart  to  join  ihe  left  arch,  when  the  two  form  the  donal 
aorta.  The  carotid  archer  nupplj'  the  head  region  with 
blood.  From  the  base  of  the  truncus  aiteriusus,  the  right 
and  left  pulmonary*  arteries  also  arise. 

From  the  nsht  aonic  itich  u  il  cun-c*  lound.  ariw  ihc  right  and  led 
huhclftvian  arlcrlct,  which  carry  btood  to  ihc  foic  Unihi.  A  e>i-lli>co. 
mncnlcric  ntlcry  Hii»M  ftacii  ihe  dorMi  •or1«  and  iiup|i)ir»  Ihr  riwcra. 
iimallcr  vcueli  ure  also  (pvtn  olTla  ibe  genital  oroaiu,  ftc,  nod  Ihen  xt 
the  Mittriot  end  of  Ibc  kidneys,  rhe  uiila  divids  iolo  Iwo  rcmonl 
ariorin  which  hrcnk  up  inlo  a  aeiwoik  of  tmiUl  vctwli^  tiipplyine  hind 
limhs  und  kiilncy*.  and  rinnlly,  ■(  (he  (uitirrior  ciiil  •/  ihc  kidncyi,  r«- 
iinilr  10  farm  (he  ciiudul  iirtrc^,  which  rum  down  ihc  tail. 

The  blood  frnm  Ihc  Hnlcntir  teijion  o(  the  Ixidy  i>  rrliitncd  tn  Ihc 
hcBfl  by  the  right  and  left  precaval  veini  or  superlM  vena.-  cavn;.  The 
right  piccAval  ii  (armed  by  the  jtinelion  nf  cxIeinDl  nnd  inlcrnal 
jufulnn  with  Ihc  nihclaviun  vein ;  on  the  left  tide  Ihc  juDUlur  ii  aliwnl. 
From  the  potlerior  repon  of  the  ImxIv.  I>lood  ii  btou|[lil  lack  Ijy  Ihe 
poMMVftI  vdn  or  Inferior  vena  cavn.  "fhc  thre*  peal  vciiu  open  Into 
a  tbin.walled  sinus  veni^ui.  which  npynt  into  Iht  ri|;hl  auricle. 

The  postcaval  ii  funned  by  the  union  of  lwi.>  vemt  which  nm  along 
tlieifcnital  oi]gBn«,and  receive  renal  vtdni  from  the  kitlncTn.  In  pauini; 
ihfoiigh  the  hver  (he  poiicaval  receive*  impoilani  hepatic  velni. 

Kroiii  the  tail  iCEinn  ihe  blood  U  liroueht  bock  hy  a  caudal  which 
liifurc,ilc!i  in  Ihe  reci'in  of  ihc  Widncyt  Into  two  j^elvic*.  The  pelvic 
vein*  gire  off  renal  jwrlali  lo  the  kidney*,  and  rmiie  Ihe  fenionil  and 
tdatic  vrina  from  the  httid  lliuln.  They  then  unite  to  form  the 
eplKutric  ot  anterior  abdomliial.  which,  carrin  hJood  (o  Ihe  liver. 
KKOepl  ihtoush  the  medium  of  ihe  rcnal-po«tal  tyitem.  there  i>  no 
connection  between  the  anterior  alidominal  and  the  poatcaviil.  To  the 
liver  blood  i*  cartleil  as  titual  from  the  Moinach,  jtc,  by  Ihe  parts! 
vein. 

From  Ihc  lunjp  blood  i*  brought  to  the  left  auricle  1^  the  puliiumu)- 
veins. 

A  lymphatic  ^lem  inrtuding  a  pnir  of  lymph  hcortt  U  proeni. 

Rafiralor}'  Syitrm. 
The  lungs  are  elongated  oval  NirueEt;rcs  which  taper  away 
poKteriorty.     The  mouth  does  not,  as  in  the  frog,  play  any 
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part  ill  the  nspinitor>-  movements-  In  some  tuards 
(Chunicleon  nnd  (>(;<;)co«)  the  lungs  ait.-  proloiiged  in  air- 
w»,  flUKgciling  those  of  Birds  (Fig.  198). 

F.x<rtlory  Sytlem, 
The  luitcd  kidneys  lie  in  the  extrenie  posterior  region 
of  the  abdominal  cavity,  and  extend  a  little  further  back 
than  the  level  of  the  eloskea.  Each  is  (umi^hcd  wilh  a  very 
nhon  ureter.  In  the  male  the  ureters  unite  witli  the  vasa 
dcfcrentia  ;  in  the  female  Ihcy  open  sejiaraiely  into  the 
cloaca.  Into  the  cloaca  opens  also  a  large  thinwftlled 
"  urinary  bladder " ;  this  is  a  remnant  of  the  fatal  allantois, 
and  has  no  functional  connection  with  excretion.  The 
urine  is  semi-solid,  and  conHists  largely  of  uric  acid. 


Fki-  191— I^de  "f  CAaaxnEw  n^rii,  tbowlni; 
■Ir  ncx     (AAm  WlKlMtUllKIM.) 


RtfroHittiivt  System. 

In  the  male  the  testes  ore  two  white  oral  bodies  sus- 
pended in  a  dorsal  fo4d  of  mesentery.  Along  the  iniKr 
mrfacc  of  each  runs  il>e  c(Ndid)mis  trhich  receives  (he  vast 
dTerentia,  and  is  continuous  posteriorly  with  the  vas 
dofercttt.  The  two  msa  defercntta,  after  receiving  the 
uiLicrs  kf)>ct>  by  unall  (Ktpillx  into  the  duoco.  In  con- 
ncaion  with  the  cloaca  there  >s  a  (»ir  ot  ercnible  cupulatory 
ornns. 

In  the  female  the  ovaries  occupy  a  similar  position  to 
that  o(  the  icstei  in  the  male.  Tiic  oviducts  open  far  for- 
ward by  wide  ciliated  futmeU  ;  as  they  [xu«  backward  ihey 
■how  a  gradual  irKrcote  in  crom  tcctit^n,  but  there  is  no 
UiK  of  dofiurcalion  between  an  oviducal  and  ■  uterine 
portMD.     Posteriorly,  the  oviducts  o^ten  into  the  cloaca. 
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The  rlfflit  trpcmluclivc  oibaii  irndi  lu  be  taigei  and  In  Eraol  Sf  (bl 
trfl.  Ill  mnoy  uf  ihc  mnict.  ihc  WolAum  body  ii  well  dcr^oped. 
Viviparous,  oi  wbal  U  clumi>Uy  called  avi>-vivipir(iui,  paituritian  i* 
welt  illuitnileil  by  ZeMtia  ritiparui,  Aitgait  Jr^itii,  Sefi,  Sic,  bul 
moit  ky  cgip  with  more  or  leu  cftlcsieom  thcllk  In  Traihydotauna 
and  Cyiicbtt  ihc  embryo  mmB  lo  abiorti  fbofl  from  (he  wall  of  the 
ulcrut.  It  ii  llkuly  llixt  L^crniliani  niitcil  in  I'cniiian  ages,  bul  (heir 
renuin*  ue  not  nuinvfou^  bcfoic  the  Ti-'riUiy  tirau. 

Mnny  inittuctivc  illuslTiiltoni  of  cvclulionary  chsnife  aic  afforded  by 
lifaidi.  Thm  there  nte  numciaiu  etnilaiioiih  in  (he  rcdiiclion  of  the 
limbs,  from  a  dccreoMt  in  Iho  lot*  lo  cniiic  .il«»nce  of  linibpt.  The 
divcnc  fonn*  of  (nngue  unil  ibc  raricd  pmitinni  of  Ihe  Inlh  ue  alM 
connected  liy  grailxions.  From  Ihe  varialionsodlieiviill  liiard  \,ljtstrtit 
mmraliA,  Uimer  elabotaled  moit  of  hi*  theory  of  evolution. 

StMt  Familitt  t/  lAitrtitia. 

The  cla»  includet  sttat  vnriety  of  form. 

In  the  Gecko*  (Ceckanidic)  the  verlebnE  mc  biconcttve  or  unptri* 
corloiu,  the  toniciiE  ti  ihort  anil  llethy,  the  cyclidi  nic  rudimeniaty,  the 
Icelh  are  pleumtloni,  the  toei  lie^r  numt'ivnk  pluiit,  by  mcuni  of  which 
they  mlhere  lo  umiuth  turbcefc  The  Gcckm  havt  U'tn  ■il-enTd  local 
ihcit  own  j*oiiiig  and  even  iheir  own  laili.  The  name  liecku  indJcatB 
iheir  all-  'S.y.im\i\'ai—PlatydatlylBi  MauriMMi^uiiH,  Europe),  llmi' 
Jatly/Mi  in  moKi  watm  caiintriet,  /yivjdiMifKi  with  lateral  wekn  of  skin 
which  tcrve  at  (larBchulcb 

T)ic  A(^(nai  lAgamiil.i!)  are  ncrodoDi  limnla  vonini'in  in  tlir  catlcrn 
hrnii sphere.  Eiainplei : — Mga/nai  Orate,  viih  the  skin  cximdeil  on 
lung  piolonRatloni  of  live  or  <u  posterior  riba  i  ChlamydsiauTta,  an 
AmirtUion  luurd,  with  a  lar^c  lealed  frill  nrnund  Ihc  necli  i  Malttk, 
onolher  Auttnllian  form  l-riullnc  with  sharp  ipikci. 

The  Ti^aniui  |lgiiaiild.v)  are  i>leuiocloni  liuudi,  repnacnlcd  in  Ihe 
wanner  parlt  of  the  New  World,  l-liamplc*  : — /guana,  an  aiboml 
limn!,  wilh  a  laige  diilenaililf  ilrwlnp  ;  /tmilyriyie.-Ani  or  Oilftffttiliu 
trutatus.i  marine  liuLrd  conlinnl  to  ibe  (ialap«i|{us  Iiliinrlt ;  Haiilittiu, 
in  S.  Mriira,  wilh  none  of  ihv  marvellous  quoliiin  of  Ihe  mylho- 
Ic^ical  basilisk  ;  Aitatii.  the  American  ehamaJcon,  "iih  powers  of 
npid  eiilriui  chno)^;  Phryntuma,  the  Amencan  ''homed  toad."  wilh 
numerouii  homy  tcales  sn'I  a  collar  of  iharp  spines  su^jctling  in 
ininialurc  that  of  Mine  of  the  eitinct  Keplilet. 

The  slow  wonns  (Anguid^).  are  limblcu  linirit*,  wilh  irerpcniinc 
boily.  Ions  tail,  rudintcntary  ciidlct  and  iiemum.  The  Urilith  siwdci., 
Anatit  Jragilh.  is  neither  blind  nor  poiionoui ;  the  nil  breaks  very 
reMlI]' ;  Ihe  yonn|C  arc  hnlchcil  wllhin  the  molher.  The  Atncricui 
"j[hwtiruke  — Ofi/uaiaurm  ttn/mlit — it  In  many  ways  like  oui  slow 
worm. 

The  jxiitoDous  Mexican  lUaid  \Htl*imiM  tmfatum)  measure*  over 
a  fool  in  lenKth,  and  ii  eovctcd  with  bead-like  nculeii.  lit  lilto  It 
poi«onou»,  and  rapidly  fatal  to  small  Mammoli.  It  U  inlcrrttini-  to 
find  pdMinout  powers  like  those  of  many  tcrpents  enhibiied  by  this  ex. 
ccptional  llnwi. 

The  water  liiardt  (VaranidK)  are  larfe  aemi-aqnatic  form*  of  carni- 
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a  ABoksaodclM- 

i  Iht  boij  mre 
I  i  &■  tym  tm  nnr  iBfc  tad  won- 
r  •  Mt  1  the  tpilMM  b  UddM  t 
9  M  cW^  Wi^sd  isd  vaod  t  4k  ^ptt  ve  ilivMnl  iMo  two 
I  »dl«Jyri  fa  fiAiwmm  ;  ihe  MMi*  ithtmile  t  ibv  {nw 
nf  cotof  d■^fmrenl»rfar^^y  ik«iifc4».il. 

Tfci  riMimii lillir  !■■ Ill— i»ihi  i1  jiiritiiririri    AimdM 

Am|IiM tknc  k  ao  ttifttiygiM  pe*  iautetUttl  •entiuk.    The 

mmmM  toii  not  <fiwqly  mfcihn  Tttb  dig  uuMhiti  mkkh  U  Mkjtowi 


Ciu  Ophidia.    Serpents  or  Snaltcs. 

The  dongaicd  linibl«u  form  of  snxkcs  tteems  at  first  sight 
dmoM  enough  to  d<rfim;  this  order  from  tAivtt  Reptiles,  but 
ji  mutt  he  carefully  noticed  ttut  there  are  limblcU  lianU, 
limbkiiK  amphibians,  and  limbless  fishes,  which  resemble 
Kvpenu  in  shape  though  very  difllcfent  in  inictnal  t^mciure. 
For  the  external  shape  seems  in  gteat  pan  an  adapution  to 
Ihc  mode  of  life,  to  the  habit  of  creeping  through  crevices 
or  amonft  obtlaclcs.  Even  in  the  thin-bodied  weasels  b 
there  not  somL-  suKj^esiion  of  the  ner^ieni  ?  Vet  the  limbless- 
ncH  of  (H-rpcntH  in  not  u  merely  xuperfidiil  abortion,  for  there 
Ib  n»  iwcloral  girdle  nor  sternum,  and  never  more  than  a 
hint  of  a  jM-lvis. 

'I'he  skin  Is  covered  vrith  scales,  which  being  simpl)'  folds 
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of  ihc  qiidcrmis  have  much  coherence,  and  arc  periodically 
shed  in  a  coniinuous  slough.  The  scales  on  the  head  form 
lat];e  plates,  and  those  on  the  venirul  surface  arc  transverse 
ihidds.  There  arc  no  separate  eyelids,  but  the  thin  trans- 
parent cpidermiB  extends  over  the  staring  c>«8.  The  nostrils 
lie  near  the  tip  of  the  head  ;  tht-rc  arc  no  external  car  open- 
ings. In  many  cases  there  arc  odoriferous  glands  near  the 
cloacal  aperture. 

The  muscular  system  is  very  highly  developed,  and  the 
limbless  serpent,  Owen  says,  "can  outcliiiib  the  monkey, 
outswim  the  (ish,  ouileap  the  Kbra,  outwresile  the  athlete, 
and  crush  the  tigc-r." 

'i'hcrc  arc  many  remarkable  peculiarities  in  the  skeleton. 


Fio.  l99.~Snake'i  head.     (After  NuuM.) 

The  vertebra;  arc  very  numerous,  some  pylhotia  having 
four  hundred  ;  they  are  prococlous,  and  are  disiiiiguishabk 
only  into  a  pre-caudal  and  caudal  scries. 

All  the  pre-caudal  vertebne  except  the  first — the  atlas — 
have  associated  ribs,  which  arc  mo%-abiy  articulated  and 
used  as  limbs  in  locomotion,  In  the  caudal  region,  the 
transverse  processes,  which  arc  elsewhere  very  small,  take 
the  place  of  ribs. 

The  serpent  "literally  rows  on  the  e»nh,  with  every 
scale  for  an  oar ;  it  bites  the  dust  with  the  ridges  of  its 
body,"  On  a  perfectly  sniuuih  surface  it  can  make  no 
headway,  but  in  normal  conditions  the  edges  of  the 
anterior  ventral  scales  arc  fixed  against  the  roughnc&acs 


5>9 


KEprrt.es. 


of  Ihc  ground,  ihc  ribs  arc  drawn  together  first  on  one 
side  ihen  on  another,  the  body  is  thus  wriggled  forward 
lo  the  place  of  atiachmenl,  the  front  part  shooti^  out  u 
the  hind  pail  fixc^  itself,  an  antenor  atlachiocnt  is  again 
effected,  and  thus  ilie  serpent  (lows  onward.  But  this 
account  of  the  nK-[:hantKm  of  movement  docs  not 
sug^st  the  twiftncss  or  the  beauty  of  what  Kuskin 
calls  "  one  soundless,  causclc&i  mnrcli  of  sc()uent  TinK&t 
and  spectral  procession  of  spotted  dust,  with  diKtoTu- 
tion  in  its  faiii;^  dislocation  in  iu  coils.*'  "  Startle  U ; 
the  winding  stream  will  become  a  twisted  arrow ; — the 
wave  of  poisoned  life  will  lash  ilirouj;h  the  grass  like  a 
cast  bncc." 

One  of  the  most  disiitirtive  ch^aracteristics  of  the  skull,  is 
the  mobility  of  some  of  the  bones.  Many  of  the  Ophidians 
swallow  itnimals  which  are  larger  than  the  nonnal  uxe  of  the 
mouth  and  throat.  The  mobility  of  the  skull  bone*  is  ar> 
adaptation  lo  this  habii.  Thus,  the  rami  of  the  mandible 
are  united  by  an  elastic  ligament ;  the  ijuadratri  and  the 
Nipismosals  arc  also  movable,  forming  "n  kind  o(  jointed 
le%*cr,  the  straightening  of  which  permits  of  the  separation 
of  the  mandibles  from  the  bnsc  of  ihc  skull."  The  nasal 
region  may  also  be  movable.  On  the  other  hand,  the 
bones  of  the  brain  case  proper  arc  firmly  united.  The 
premaxillx  are  very  itmall  and  rarely  bear  teeth ;  the 
palatini^  arc  usually  connected  with  the  in.ixillie  by  trans- 
vene  bones,  and  through  the  pterygoids  with  the  movable 
quadrates. 

Teeth,  fused  lo  the  bones  which  bear  them,  occur  on  the 
dcniaries  beneath,  and  above  on  the  maxill.'o.  palatines,  and 
pterygoids,  aiidvcry  rarely  on  the  premaxiUa:.  The  fang- 
like  iceih  of  venomous  serpents  are  borne  by  the  m.i-xillic, 
and  aru  few  in  number.  Each  fang  has  a  groo\-e  or  canal 
down  whidi  the  poison  flows.  When  the  functional  fangs  are 
broken,  they  are  (ej>lnccd  by  reserve  far^  which  lie  Ixihind 
Ihcm.  In  the  egg  eating  African  KaMadon  the  teeth  are 
nidimcntar)-,  but  the  inferior  spines  of  some  of  the  anterior 
vcrtcbrx  project  on  the  dorsal  wall  of  the  gullet,  and  serve  to 
bn»ik  the  egg  shells. 

When  a  venomous  snake  strikes,  the  mandible  is  lowered, 
tlie  distal  end  of   the    iguadrate    is   thru»t  forward,  this 
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Fio.  flOO.— Skull  MGttLt^  Snflkr.     trmm  W,  K,  Park&rS 
A.   Donol  K\Hiatv—/jf.,  jHttnanilia. '.  mj-.  ronklUii ;  in.,  ttltnul 

/f*'.  pfo-oiie;  /Ai  fpiiiKt:  4h,  opmhotbc:   m^,  uipni-ocdpliJil ;  ^a. 
cK-ufcipkial  ;  v..   uikulu  ;   '-iv^   kur-vnduW :  f,.   unjiulu ;   </., 
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pudict  fonraid  the  ptei^goid,  The  pterygo-politine  joint 
IB  benti  the  miucilln  w  rotAtcd  on  its  lachr>mitl  joint,  the 
fangs  borne  by  thf  mnxilU  art-  creeled  inio  a  vertical  posi- 
tion, the  poison  gUind  is  compressed  by  a  muscle,  and  ihc 
venom  is  forced  ihrougli  ibc  fang, 

While  tliere  are  no  hints  of  anterior  appendafjes,  (ij'lhons, 
boas,  and  .tome  other  ^nakl:n,  have  nidimcMtS  of  a  pelvis 
and  even  small  clawed  .structures  which  represent  hind 
legi. 

Some  of  the  pccultsrities  in  the  internal  organs  of  Ophtdia 
may  be  connected  with  the  elongated  and  narrow  shape  of 
llie  body.  Thus  one  lung,  usually  tlie  left,  is  always  smaller 
than  its  neighbour,  or  only  one  is  developed;  the  liv«r 
is  much  elongated ;  the  ki<lneys  are  not  opponte  one 
another. 

The  brain  presents  no  remarkable  peculiarities :  there  are 
only  ten  cranial  nerves ;  the  sense  of  hearing  is  oAcn  slightly 
developed,  and  there  is  no  tympanic  cavity  ;  the  eyelids  are 
fused  and  transparent:  the  Iii^d,  mobile,  retractile  tongue 
is  a  specialised  organ  of  touch. 

The  poison  jjland  is  a  specialised  salivary  gland ;  the 
venom  is  uxeful  in  defence,  and  in  killing  tlie  prey,  which  is 
always  swallowred  whole. 

Toe  heart  is  three  chambered,  the  vcniriculflt  septum 
bciitg  incomplete,  as  in  all  other  Kcptilcs  except  Croco- 
diliaiis. 

'I^Mre  is  a  transverse  cloacal  aperture.  In  the  males, 
a  double  Kiocular  and  spiny  oopulaiory  organ  is  evernlilc 
from  the  cloaca. 

'Itie  Dritish  odder  (Ptiias  itms)  is  viviparous,  and  so  arc 
n  fenT  others.  'IIh-  great  mn)oril>'  are  oviparous,  but  confine- 
n)ent  and  abnormal  conditions  may  make  oviparous  forms, 
like  the  Boa  wmlrUlur  and  the  British  grass  snake  {TVi^r- 
^oHitlm  mitri.v),  viviparous.  The  female  python  inoibatcs 
the  qK*- 

Many  Ophidian*  become  leihatgic  during  extremes  of 
IcniCH-Tiiturc.  or  after  a  lieavy  meal. 

lliDugh  mowt  alKindant  m  the  Tropics,  snakes  occur  in 
most  [arts  of  the  woiW.  They  arc  absent  from  many 
islands ;  thus  there  are  none  in  New  Zealand,  and  we  all 
know  that  tlictc  arc  no  snakes  in  Iceland.     Most  arc  ter- 
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resirinl,  but  not  a  few  readily  take  lo  (he  water,  and  there- 
arc  [nan]r  habitii.nl  ten  serpenls. 

The  licrpcnt  still  biles  the  hcc-l  of  progressive  man,  the 
number  of  deaths  from  §nakcbitc  in  India  alone  amounting; 
to  many  thousands  yearly,  though  there  can  be  litili:  doubt 
that  the  snakes  are  often  imiocent  ncajie  i;uats. 

^'^^uc  Ophidian*  firat  occur  in  Tertiary  strata. 


Cliisiifiiitthn  of  Ofhidia. 

Su1i-«>ilct  I.  Tj-phlopiiliE,  The  lowcil  and  mcni  ilivctgtni  Ophidiann, 
occiitrinf;  in  mcAt  of  the  watmcr  t<arlk  of  ihc  culh,  (piii'tiilly 
tiiTOllcr  than  cnrlliwrnitih  uauAlly  iiititdrnnnxi  liurrdKTn.  with 
ir)'n  biililcn  undcf  ic»1r>,  with  a  iinn-ilititnsilili'  iiKiiilli,  Htlh 
Iccth  mlric(«l  rllhi-r  (u  Ihu  iippci  oi  lu  Ihe  luwf  r  jiw.  *'  The 
poUtiiK^  bono  men.  or  ncnily  meet,  in  the  toie  of  the  ikull. 
anil  ihcii  long  ajci  ore  itanivcnc ;  there  \\  no  mnirene 
lione:  the  incifKoiiU  ue  not  ronnected  with  iheqiuujralci" 
(llnxJcr). 

Etnmnlr  .—  Tyt^ieft,  Hriiiih  tn-lin. 

In  all  uihi-r  UphiiJunt,  inc  [ulalinei  aic  wiilcly  icpiir*l«<l,  and  their 
Ions  *xei  arc  longitudinal  1  there  are  tiamverte  bone*  (on- 
necltnE  palatinet  and  maxtllic;  the  picij'gaidx  arc  connccial 
with  ine  niiadnLle(. 

Suli-nrilcr  3.  Colulirilonnct  (Innocniiu*  Snak«|.    The  \K\vm  iftimil 


is  nut  developed  a>  »ucli ;  the  nmiillAry  leaih  aic  nul  i-iooivd. 
tamplci  • — The  British  imooth  Rn«ke  {Corvntlla  brvii\ 
the  British  )[nuB  snake  ( T^^dutslni  »atrix\  the  l^thoiu. 


EUampIci  • — The   British  imooth  snake  {Corvntlla  brvii\ 

Br        _ 

■he   Bou.      The   Anai^mfa   (&ta  murim),  shich   may 


attain  a  length  of  almoit  ihiny  feet,  is  the  Urgat  living 

Ophidian. 
Siil>.or<ler  3.  Colubrllbnne*  Vcncnmi. 

Exaiiiplc*: — CohrM,  Naja  irifniiiani  {Inilianl,  Nitf*  kt/4 

(Afrimi)|ilheK*inadryaill('/^iV'''U'""^/i)-<^tini;<>(hor 

inakm  Coral  MukutJr^r.Jic.);  Seasiuike*  {HfJrafiit, 

kc),  with  )iaild1e-thnped  tnils. 
Sult-oriler  4.  Vijieriforniei. 

EMampUh :— The  Briliih  adder  {/Wim  or  f'i/«mArnvi) :  Ihe 

Ran1e«n*ke  {Crata/m),  wllh  a  ntlle  formed  rhiellr  from 

«piilermic  rammntt  «r  Muoc»»ivc  «louichlngi ;  the  Ahlcan 

iW wider  [ChlMt an4taHi). 
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Choc'Odilia.     Crocodiles.  Alligators,  Gavialt. 

GK.VKXA1.  Characters.  ~7Sr  Crocodilians  are  ramrwr- 
etttfrtth  water  refililes  ef  /arge  site,  mvtt'  rtprtstnUd  i>y  ihrtt 
genera — Crocodiltu,  All^tor,  »«•■/(  ravialis. 

7!fe  skin  itart  efid*rmie  tcaltt.  underntalh  tcme  of  xohieh 
tkert  art  dermic  bom$  or  uults. 
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ncnii  Btd  Mivlsl  vritctinF,  nil  (irncfclou*  tutvpt  Lhc  Tinl  iwo  oenrKalt, 
the  two  ncralji,  ixnil  lhc  dnt  cniifLal.  In  iruMt  •>(  tlir  pre-c(«tacwin 
CtocodilUnv  hawcitr,  ihc  tvricbrx  wtrc  omphicrLlou^.  The  ocnin  of 
ihe  vctlcbne  are  unltert  by  filiro-cartilogei.  ind  ihc  iUiuti-»  lielween  llw 
neural  itrch  and  the  wnlruiii  pciiJM  ai  kaM  for  a  1ofi|;  lim?.  Chevron 
bona  are  formed  bcnraih  ihe  cenira  of  many  of  ihe  caiKlal  vcrlehne. 

Many  of  Ihc  rili»  ha»e  Iwo  beads — tajiilutiim  and  iiilwrfle— liy  which 
(hey  ariicnloic  with  lhc  vcrlcbiw-     From  ii-vrii  lo  nine  of  the  anterior 
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I'].,.  ;u:.    'Crocodile'*  nkiill  ii..m  .r..i..,l  -.i.il.i. ... 

/^jflu-,4  Prt^muilla ;  i-m--.  m&<iIU  \  t.,  lachrymAl :  /r^^,  pR-rroAUl ; 
/.  luc*J :  A/.,  pol-rioni*) :  iTi/'  iliuutrMu Jue^l :  »..  qiudmlel  ly.. 
(quunoHJ :  f*.  |i«fciil ;  r./f,.  ipi.picryi^iil ;  /,  ^eninl ;  /t.,  pi«^- 
(0«]  (oo  Itiwer  tuifimj;  p^'-,  o«  itantvAiMim  (on  lower  turl&cc);  ■><. 


donal  rib*  arc  oonneclnl  wjlh  Ihc  Kernnm  by  ilfnial  ribs,  anil  ham 
Miantl  of  thc>«  anirrinr  nl<t  cariU«[;inou>  or  parlially  onilied  uncinale 
piOWaiBa  urojecl  lackwnirlii,  The  to-mj  led  abaominal  ribi  have  nothing 
to  do  witn  rito.  but  are  oiuficuioai  in  ihe  Abtoua  tltsne  uliich  11« 
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Is  Ox 
Mof  e<tkc  woMk,  eD*wta(  tW 
■■_!»* 
poakkKodke 
■i  iW  1H7  ta^  of  the 

t«- 

tfao  of  t«lrUiMi  aad  ^UiyBriJ 
■ft  ffi«ptei7^a*d  nuM  oMn  6vn 
pMl-froMal  to  « 
the  ^fHdmc  >  kn  ud 

pneoBs;  Uw  I)rwf«ak  ewlty 
»OD»rl«ul)r  bnmW  I7  faoK ; 
the  IwUi,  vfaid)  an  botw  by 

nuin.  ue  lodcd  ia  iliaiact  txrHaa  i   baide  Md  WiNiHy 
Itw  Mcth  Im  lavm  "  RTB»  '  of  othcn. 

e*d»  MMM  of  tW  MBliU*  caMfatt,  ■*  In  WMt  Reptik^of  •  arta^c 
hwit    tlwirtkiilt I— oAJK aothtH'^""''*"'*^ ■aahnac 1 3 a m 

Jaif«y.  Mfeml,  oowwait  wylir.  ad  MMMfulu. 

The  hfoiJ  tcgion  i*  VMJF  Hnpfe 

In  (he  pcctonl  ardi  tb«R  ue  no  dmck*  tot  wfcBwcoJJ*,  bM 
that  ta  ■  aci-calM  iMcrcbvick  or  cpitfetBvn  1  Ibe  mc  Knrfi  if  ocQ 
tb(i«(h   not  Mn^cljr  ikwIppBd  :   there  ate  G*«  (Bptt,  wcUal  tmi 


[itdeof  ■  fuaacCkocDttji 


^ 


Im  tW  ptKic  uch,  taipF  iis  m«  onlicd  W  the  uronc  ril>  at  the  na 

Moal  rmvtmc  t  the  D«Ms riope  faiwarti  and  inwani  aikl  lu*cac«tB«- 
KOMan  ■fmpbfMt :  tfce  hcUt  do|)c  li>rkw<nl  «ail  have  ■  nrnphnai ; 
Uie  mm)  wcUi  form  timcat  the  vbole  of  the  acettbuiw.  The  hind* 
Xlm\m  heat  fan  di0tv,  u-ct)!*!!  and  clairol. 

S*mtt/tkt  CXara^ttiiitiit  ^  Iht  rmriomt  trgtm  ^  Ct*t»dHi»nt. 

The  Cmcodiliaiu  art  >ccn  10  bat  adnntiffc  in  the  water.  vwimmiDf 
\tf  poDEtU  tail  Uiolici.  The  limb*  are  loo  weak  r«  vcrj-  eScciive 
taeowotlDM  oM  laiul,  the  liodj  dtagi  on  the  croubd,  ta\  t!ic  uiiaals  are 
ttlffnaclted.  AllhouKh  maay,  cfpcclaUy  In  ihcli  youth,  fml  on  6ahet 
■ad  HimB  itJwali,  the  ■■>):«  ft^m^  t«tk  tv  ibe  edge  ol  tbo  oMci,  lying 
ia  vait  fat  ■aaunalt  n{  coiuidcnl4c  nrt.  Thoac  Ihcy  cnuft  ia  theit 
e»tfaalr  powcrfiil  jawi.  aixl  dtovn  by^  boUing  theia  anJcf  walet.  If 
ihe  iletKl  buoly  canaoi  be  readily  tern,  it  it  vftoD  buried  and  leA  mljl  ii 
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begliu  to  tot.  In  c>nnEctinn  with  Ihcir  way  of  fettling,  wc  ihouiO  nolice 
Mvcial  pcculiaritii;*  of  iltuctuce  :  ni  ihc  nmitils  are  »t  ihc  upucf  end  of 
Ihc  inoui,  and  ihc  eyci  anil  can  nlw  ncai  the  upper  mifiicc,  ihc  Ctoco- 
Jiliani  can  brcallic,  tee,  unil  limi,  while  Ihc  liody  It  alliieclhci  Ininicncil 
except  the  upficr  SA\tS&ce  nf  ibe  heuil  :  iu>  llic  noiitrili  niii  Iv  rliitul  liy 
viih>c*,iinil  llictye<'liyti«mii*tcnl  ihii'lrvrliiJi.iinii  tht  can  liy  mi>vn1ilc 
rttpli  tb«  hetui  eta  Iw  comkirliitily  immcrtcil ;  a  llat  lonpiu  ii  int'X  lo 
tha  lloor  of  the  moulh.  uid  the  caviiy  of  the  niouih  U  hiandevl  Iwhind 
\)f  (w«  >o(t  tranivertc  mcmbruici  nhich,  moetine  when  ihc  icplile 
U  drowning  iti  prey,  picvcnl  tralci  ruihing  down  the  kuIIcl  i  the 
poMeiloi  opening  of  the  notiiU^  k  (liuatcd  m  the  very  btclc  nf  the 
moulh,  and  when  ihc  booty  i»  liclo|;  drowned,  the  Cnicodiliaii  kac|i» 
Ihe  li]i  of  ill  snout  aliovt  water,  Ihegtonis  it  puilicd  fbrwsiil  la  mict 
llie  pcMl«riar  narcm,  a  complete  channel  for  the  panaee  of  air  vi  Ihut 
cMmblitlied,  and  ta[nratian  am  m  on  unimpeded.  For  their  ihoie 
work  the  Ctocodiliuii  prefer  the  dnrkneu.  Imi  they  often  !lo«l  Ijukinf 
in  the  tun.  with  only  Ihc  lip  oi  the  inoiil  uid  the  rid(>e  of  the  bu£ 
mpotcfl. 

Gl«nd»  with  a  Mcietion  whieh  hniellit  like  mii*lc  hid  tmiuilly  iIcvelnpcH 
un  the  margin  of  the  loirtr  jnw.  nl  Iht  side  uf  the  cloncal  aperture,  and 
on  the  pcniFtior  miipos  of  the  duml  urum.  The  nraiky  odour  ii  very 
(liong  uuiint;  t)ie  pairinjc  wbhid.  and  when  Ihe  .inimils  are  allnrkcil. 

In  v-ijiiiici-tKiii  with  ilic  niuNcuItLi  v/Mtm,  the  preMiicv  of  wli:it  it  uRcn 
ralleil  mi  iiiciiiicnl  dia|ihiwgin  between  the  Ihoiacie  and  the  alxloniinal 
ravily  it  nf  inleml. 

The  brain  seems  very  imall  in  relation  to  the  siie  of  ihe  ikull. 

The  eyes  are  pronde<l  with  a  Uiiid  ej'elid.  »  in  nuBl  Repulci.  ISrdi, 
ftnd  Mammals  ;  Iherc  are  large  lochrymnl  iflandi.  Init  there  iii  no  spceiol 
decdlfulncH  about  "crnoodile'siearfl." 

The  eai«  open  by  lioriftmul  tlii»,  over  which  liet  a  Dap  of  tkin  i  ihreg 
Eustxehinn  lubeb--«no  ineiJln,n  and  une  on  eacb  tid»— open  fata  the 
moulh  lichind  Ihe  po«tcrior  nam. 

The  noiiriU  aim  ean  be  closed,  and,  ai  we  hare  already  noticed,  ihdf 
internal  openings  lie  at  the  luck  of  the  mouth. 

TheUomach  (uKeedxa  bird's  giuanl.  for  it  has  strone  muscular  wallx 
Mid  ita  pyloric  eiidU  IwltUd  u|>ward  to  as  to  lie  notr  ihc  onlJac  |ian. 

The  heart  is  four  cbambcrcil.  the  wplum  tietwcen  the  vonlricln  Ixitw 
complete  as  in  BirdN  and  Mammalt.  Itut  as  (he  ilor^al  aorta  is  luniiM 
from  ihc  union  of  a  left  aortic  areh  containing  i«nous  bloorl,  and  o  right 
■onic  oontoining  arterial  blood,  Ihe  blood  which  is  driven  m  many  |iarti 
of  the  body  it  '*mii,ed  bloody"  i.t.,  blood  padly  venoui..  pniily  nilerinl, 
with  wmc  of  its  red  blood  cotpiitclct  carrying  lucmoglnlnii  and  others 
oxy-hKntoglobin.  At  theroolsof  the  two  aotlTcarchet  there  isamiiiiile 
cominiinimtion  lielwecn  ihcnv— the  foMmen  l^iiur. 

Into  ilie  ri|;hi  auricle  venous  hlood  is  brought  by  Ihe  liro  sujierior 
verue  c4i-x  and  by  the  inferior  vena  cava.  The  Mood  waes  ihiough  a 
voJvcil  apcrlurc  into  the  tight  Tentiicle,  and  is  dri<>en  inencc  {ai  by  the 

Pilmonary  artery  lo  either  luiu[,  or  [b)  by  (he  left  iodic  arch  to  the  liody, 
rom  lhi»  Uft  aufiic  aich,  liefore  It  unite*  with  its  fellow  on  the  tit;h(  lo 
fntm  the  -lorsil  aorta,  is  dven  off  ihe  crMt  cnrlioc  aiiery.  The  anterior 
rUcera  Ihut  rceeiTc  wholly  vcnout  blood  from  the  heart. 
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Th«  MomI  driven  tn  ihr  liinp  i«p«trified  there,  »th1  (Miim*  \f  xml- 

I' nonary  TeiiM  lo  llic  Idi  miridc.     Thciicc  il  mi>h-'  iIii'hi|;Ii  a  vHlvnl 

•pediirt  iniu  Ihe  lefl  vcniiiclc.     Tlicncp  il  {<  iln><.-ii  inl»  the  righl  nii«1ic 

I  •teh.     From  ihii  Ihc  mroltdi  lo  ihe  hoiii  anil  Ihe  lulifiaxiini  to  the 

foic  liml*  D(c  eivcn  off.    Thcic  pam  of  ihc  Ixxly  (hui  lecttve  oholly 

Mlcrinl  liliml  horn  l\\c  hfnil. 

Ttic  iriii'iii  lilotHl  rrliiininf!  (foni  ihe  |io*tcrlor  kjeIoiu  may  jim* 
ihnniijh  Ihe  kiilncjm  in  a  cenni  porUl  tytiem,  ami  Ihencr  iftlo  ibc  inlmor 
\  *em  cnva :  iw  it  may  pau  tiin>u|[li  the  liict  in  n  hepatic  portal  vyttnn, 
and  thrncc  by  hepatic  van*  Into  the  inferior  vena  cava  i  ot  tome  d  U 
may  pou  dtrcnly  into  Ihc  inferim  vrxiti  CBva.  The  (cnal  porta)  veifiK 
aiiite  tmm  a  tiann'cne  veuci  unillnc  ihe  two  liranchc*  of  ibe  cMilal.  Iiut 
the  kitcr  lie  alM>  conliounl  fon^id  a*  loicral  cp<|caMrici  which  aMer 
the  liver. 

The  temperaluie  of  Ihe  \AixiA  it  not  above  that  of  Ihc  mroueding 
medium. 

In  regaid  lo  the  resnimloty  lyitcm.  weihnuld  notice  that  the  litnga 
arc  invctled  liy  pleuiai  u<«  at  ii  llic  caK  in  Maininidi. 

The  uiciert  ni  thir  klitnrys  ihc  >'a>ct  ilefrrentb  from  the  tcMe*  In  tbe 
malr.  ihe  oiiiluct^  finni  Ihe  o^riei  in  the  female  open  into  the  cloaca, 
which  hni  a  lon^lMJinsI  upeniii)^ 

The  CKi,  whKh  in  mt  are  like  Uiok  of  crrtt.  hare  a  thin  calcanoua 
(hell,  arenuficd  in  cwavaled  hollows,  and.  unrmcd  by  the  niu.  batch 
witboai  mcobaifott. 

or  one  *pecie*  of  Cfocodlle  It  1*  known  thai  the  iiinthet  a|ien*  up  the 
scat  when  the  ynunc.  mdy  to  be  hatclieil,  are  hrud  lo  cty  (ram  «4thin 
thaaocK  The  niot&en  taVe  tumecarr  nX  Ihe  youni;.  which  r«qult«  '~ 
I  be  (tended  even  from  the  appetite  nf  the  nialei^ 

Crocodilci  ate  relatively  Uonpih,  and  fcexl  nf  iNuklng  panivdtr, 
uimriiinet  hldlnt;  in  the  mad  duHng  ibe  hot  aeaton,  Th^  arc  lenMrk- 
•ble  fur  the  lomi;  conilnuaiKV  of  powih.  which  doea  not  w<m  tii  havij 
■o  iMniio  a  timii  ni  iii  dkmi  oth«r  anlmdi. 

C/attifieali«n  of  CrwcdiUa. 

(•)  The  Inw  cmonlilck  oi  the  eeanii  OmWiAvi,  occvr  in  AMcn,  ' 
SoMlicm  Ada.   Iropkal  Aiiuial^   Centra]  America,  and   Ibe   We*t 
Mb*. 

Tlie  ladlaM  CtaeadilelC/WnMJr/)  maymeaaDre  ahnut  cightcan  fM 
In  lenrih,  aMi  even  laigct  famik  have  been  rwordMl.  Tb«  facred  Afriwn 
ciucodtle  (C.  vu/rarii)  k  iiill  firwidably  fommon  in  aome  of  (he  HeA 
waWn  <i  Ituplol  Afticn. 

The  fSK*  ami  ihe  youuf;  are  often  Mien  by  a  maaainal  ealkd  th« 
Ichor-mixin,  anil  liy  n  iiieciei  <if  lianl.  "Hw  adutti  have  few  cManiea 
neqx  man.  Thcv  teem  lo  live  In  friendly  pajtiMntiip  laiib  little  hhd* 
^tlwriSHiti  ^prftmu},  nliich  innnve  |Mnu>ea  from  i)ic  Ijraly.  anil  bi 
ihalt  fiumlltmly  almoM  iutti^'  the  KtouiM  whkh  llcmlntiu  pm  tit 
Ihcif  dawiinB  tike  teplilr  ■  irrfL 

(A)  The  AUi|[Bt()cv  of  the  ccnin  Altififr.  are,  with  tht  rtorptlMi  of 
oM  CbiMBe  •p«dM.  oanfaMcT  |n  North  anil  iiontb  Amaiktt.  In  North 
AMnicm  A.  miulMffumb,  bi  Aoaih  America  A.  ^tmft.  are  i 
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(()  The  pvlftlt  or ghwlaU,  of  ihcgiciiat  AMii//f.ari;iliMlni^iithcii  Vi^ 
thcii  long  luuraw  Knuat.  In  iheCanget  Add  It*  iribuUiics  O.  (HM^ytimi, 
utld  to  itltain  a  Icnslh  of  iHcniT'  fnl,  i«  common.  They  feed  chicfljr  on 
AihM-  "  01(1  mom  li>vv  a  larj?'  otilil.iginaui  hump  on  ihe  cilremily 
of  the  moui,  foniaJniiu;  a  imsll  caviiy  (ot  ihc  iMcnlion  of  air,  by  whien 
mcam  thac  iniiivjduoli  are  eantilcd  to  remain  umlei  water  (oi  t,  lonKcr 
lime  thoD  fetnalct  or  yiiiini;." 

UII-FERENCES  BETAVEEN  CROCODILES.  ALLIGATORS, 
AND  CJAVIALS. 


Alucatou. 


. 


n*  bsMl  l>  than  *nd 
broad. 

Pint  (nd  feunh  Inert 
iRib  Irilc  Snia  |il(t  ill  ihc 


Tln  I     ' 


I  union  nf  ifat  IW  ntml 

of  llw  lower  JBV  <tM>  OM  OK' 

Hud  baywid  ilia  Hflh  losih. 

Tki  BukI  bonn  rofin  part 
of  (he  nanl  aperture. 

Thi    iiaih   Mr*  «ry  un. 

A|Ull. 

The  vul*  on  the  neck  Ate 
dluliKi  from  ihau  on  ihg 

All  AnierWii,  ttoepL  ooq 
ChbMW  ipeciH. 


Cbooooilm. 


CAvrAu. 


Th»  miKH  U  »»ry  lonj. 

Kir^l    aixl    fognh    ln»™» 
tf«h  bite  l(itogmr?T4  in  lLc 


Tin  un' 


Loncu. 

The  firm  bJEn  inw  i 
I'll  I  Lhc  fouflh  InLo  A 
lEiuove. 

Nm     hnond      tba  . 
tiklilh. 

A*  in  lb*  *II)e»o'- 

Vncauitf. 

Sonietima  di>llii«i. 
wxnvEima  caniinuou^  . 

Living     In    Mritt,        U'lni  In  IntlU,  Ba^^eB, 
liidtA,  AuBLiali«v   H.  AuUnilb. 

Cub*.  S.  Aiii«rl?4-         ' 

HiiUry  if  Cr*nfJi.'iaJii.^Ti^at  pttnt  tcpiile*  fonn  n  clccodcnl  «fdcr. 
FuWkil  (utiii*  Mte  founil  in  Ttioxiic  atniU  le^.,  /ItiiubH,  fartuiiiAiu, 
tkoi  St^fuiffiii)  t  their  icmoini  nic  abundant  In  luniMJi:  rock*.  In 
CkIswoiu  Mmta,  crocodiliniib  with  iiroccclom  vcrtetim  Rrxt  otcur,  the 
Cretaoeous  fotiiu  having;  ccntru  <if  Ihr  i»ii»lilcirl[iii(>  lyiw.     Hual^ 

tu.^vtrjvl  ruiv  nA  **i1nmMT    i]-rkTrpnt>^n       *i>rii>H  fmin    fn^  flnfioiit  TriBBKi^ 


inLnn  wbri\4\  tt  Imt 
(i:p  the  founvtfiih. 

Thi  n.-ual  honodo  Iwlhm 
^rl  of  tbe  CHUal  •penurc- 
AlrnuBt  equal. 

Conlluwut. 


wrim  htnu  (he  ancient  Triusic 


OK-' . 

liu  woikcd  out  BO  "  almtnl  unbroken 
crooocliliMia  ilown  to  ihoiw  of  ia-4»y, 

DfVfltfmiiit  tfRtftiUu 

A>  Ih«  dcveltijimciil  n(  Binlt>  will  be  diKuidcd  in  the  nut  chB(><er,  a 
few  nolei  on  [hat  of  Kcjtlikt,  which  U  in  ninny  r«t|icct»  uinilar,  will 
tw  luffidcnl. 

Th«  oTum  eontoiiu  much  ySk,  ttl  one  pole  tt\  which  there  ii  a  imall 

Juantity  of  lt»iiuiifi<e  prolopluni  tunouTulini;  the  arrminal   t-oiclc^ 
ormaliOD  of  polat  Kinlmleii  hat  not  been  otBcived.     The  >ei[mei;ialion 

U iinnilj  merobXulic &nil  ditoolilaJ,  aa  in  Iliidt. 

The  Kcnienied  arm  or  blnitoilenn,  odf^nally  at  one  pole.icmduaUy 

(;row»  mund  (hie  yolk.  The  central  region  uf  the  diiml  hlaMoilenn 
\  wpantcd  fioni  the  yolk  by  a  shallow  ipoce  lilkil  with  fluid,  and 
ii  CMtm  ihan  ihc  lot  of  the  hlottodcnn.  In  Ihii  ceniiat  icgitin  or  area 
pellucida,  Ihc  |MtaniiaJ  laycft  and  xabMtiucnlly  Ihe  parti  of  ibe  embryo 
HC  alaliluhedt  whQe  the  tckl  uf  ih*  uulodcrm— the  area  opoci — 
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iifnpl)r  rnrnu  ft  «c  found  tbc  vnJk.  One  of  the  6nt  li^t  of  dnttop- 
mcnt  it  the  amcuancc  uC  a  ihickcned  huid  of  wlli  evitndirf;  (unwil 
in  the  nilililtc  fine  fi<>cii  tin:  pii>ii.*ri<tf  miuf;iii  of  !hc  aie>  pcllueiu.  Thii 
buid  i>  at1«i)  (he  primiiivc  ^tmk,  uiil  >>reni>  la  teprtMM  ■  AnfaM  of 
thf  two  edgn  of  iht  bloitodcim  behind  the  future  (mlirjFoaic  nskm. 
Th*  embiyo  derelops  in  (rant  of  the  primitiTc  timk,  uid  mm  «7  ibv 
tint  lieni  of  lis  dcrelopmcnl  it  Ihc  furmBlion  of  ■  urimitive  or  madnllaijr 

iiroove  in  a  line  wiih  the  iihinitlne  ttrcftk.    A*  <levclo|nneM  firooceils 
i>ldi  appcat  niiiunil  Ihc  embryo,  oon- 
flrjctliif;  il  ofl'  [lom  the  subjaircDl  yolk 
at  volk  '■ic. 

F&M  MtmhraHft.—  \\  i»  with  Re|V 
lilei  thni  Ihe  lerie*  of  highci  Verle- 
bmtei  or  Aninioin  liqiint.  It  it  he«e 
Ihal  Ihe  fcrul  mcnilinmet  knc/wn  lU 
amnion  anil  alltntoia  ate  tint  fumied. 
Let  u*  wmtuder  Iheir  dcvelupment. 

(«)  'r\t  AmmUm.—M  an  eorly  doec 
in  (levelopoicni,  the  heaii  end  of  (he 
cmtiryo  leeini  lo  tink  into  Ihc  uibjuxnt 
yolk.  A  lenilluruir  fold  of  the  blajilo- 
derm,  including  cpltilajit  anil  incMl>lul. 
ritn  iiji  ill  fiunl.  Similar  foldt  appear 
lalcciiHy.  All  Ihc  folds  iacreuc  In  liie, 
arch  upM-anli.  and  unite  above,  fonninc 
a  dome  over  t)ic  cmliryu.  Kach  <>r 
th«e  foldn  \i.  double;  llie  inner  liinln 
Hnilc  to  fi-nii  '■  ibc  Irue  amnion  i  "  the 
wiier  liniUi  untie  to  furui  "  [he  falic 
amnion,'*  "  serous  membrane,"  or  snb- 
■OMl  inembiaae.     The  cavity  bonndoit 

S|r  Ihc  Irue  amnion  coniaini  an  aoinlotjc 
nid  lialhing  Ihc  outer  xirfacc  of  ihe 
embi^:  the  uiviij  belwetu  ihe  (rue 
and  the  fHlw  iiimiiuti  it  lined  by  mcw- 
hlaM.  and  i»  cunlinuous  wlih  the  plcuro- 

Ftc  30>|.  —Origin  of  Amnion  and 
Allantoit.    (After  Uai^our.] 

!■  KIhoJ  uiiiiKJiii:  ralija(«^,}:  Krvund  rm^ 
liryo  (/>:  f~t-  plninj-pniiiHisI  urlly;  >., 
rail. 

•.  Kurtlwt  ir«>>ib  sf  smnioiir:  folil-i  (n/.) 
OAVr  cmbrjra  and  femnd  wlli, 

I-  t'utjw  «f  anniotie  fddt  aLu^c  cmliryD 
*/.,  aouiion  prapcr;  /,t-M-.  vutfAinAl  nitm' 
bmit :  ^.r-,  fflk  >ac. 

4-  Ouctivwib  nT  alUmoit  (fl/.J  1  amniotic 
ami\i.m4.y,  *.,  bradvnil ;  /,,  uil  end. 

i.  Ctnnplnt  cndown  and  ndutdoii  tl  )ull> 
"'ijj):  >■■'•■<.  tub-noal  meaihtuic:  a^, 
anuJMu  prepcr  l  at.,  aUaotoii :  r.,  inii  of 
OBtoy*. 
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IKriloneal  or  body  cavity  uf  the  cmbrj-o.  The  amnioiic  (oMt  I'licnil 
not  only  i>»<r  iho  cml»yD,  bui  vcnirally  ateund  Ihc  yolk  sw  which  ihcy 
compUiclr  irtvot. 

(j)  Tk<  Allanltii. — While  ihc  aninlou  u  bcinj;  ronrml.  a  >a(  |^owt 
oul  from  ihc  hind  riiil  of  th*  rRiljry<wic  got.  Tliii*  it  ibvull.tiilui!*,  Iincil 
Internally  liy  hy)Ml>1:ut,  (xlemaliy  liy  tnotulilatl.  It  rapidly  inuniiales 
llMir  but  wren  the  iHti  limb*  ofllie  atnniun.  cvciiiiially  lurrouading  both 
embryo  and  yolk  uc. 

The  unnion  is  a  pioicciivc  mcmbnuie,  foimiag  a  kind  □(  water  ba|[ 
around  the  embiyo.  Il  may  be  dac  in  port  to  the  cmbryu  unking 
intn  the  yolk  MC  by  Ilii  iiwn  weight. 

The  allantoic  tac  it  vawidai,  and  luu  retplraiory  and  |Kih*j«  alto 
lonie  yolk  abaarlnng  funciiuns.  It  tcvMUi  lu  br  )lomoluf^^  with  thv 
oulgrowth  which  livms  the  c'uiiol  liladder  of  Aniuhibiiins :  it  has  been 
oilkd  ■'  I  precocloualjr  developed  uiinary  bLulder.' 

Before  the  amnion  i>  developed,  the  heavy  hen<l  end  of  [he  embty* 
hu  alrcsdy  iiunk  into  a  depccuion  (in  Liurdt.  Cheloniiuu.  Itiidn  |f) 
and  Manimal«),  and  i>>  iiurroundcd  \f/  a  mixlilicalion  of  the  head  fold 
letmed  the  ptu-amnion.  Thlh  doca  not  include  any  lucaoblail,  and  ia 
aA«warik  replaced  by  the  amnion. 

Stmt  Ptimitxtilif!  ih  C'^.'fnttiio.-'Miltukun  Ium  recently  invatigstcd 
the  dcvelopmenl  of  the  ftrlnl  membnuiui  in  Cheloniatw  [Cinam^s  nod 
TrifiHyi),  anil  hai>  deiiioniitdited  lame  inlcieilinK  peculiar  it  ict. 

The  nmnion  hiu  11  Gni  the  nature  of  a  pro^imiuon,  cocuiHini;  iii  the 
rc];i»n  ufihe  tiinken  head  of  cjubliut  and  hyimblatt,  and  in  liit-  duivtl 
region  uf  eiiibliul  alone,  liein);  as  yet  iiLin-mewtiliulic-  The  cii'luinic 
cavitici  of  trie  amniotic  Mdsaie  not  united  uilh  each  other  durtn  I  ty  in  the 
uiiul  fiuhiun  :  a  connection  lielween  llw  "  true  amnion  "  and  the  "  M-rous 
menib(anc"ieporale»  the  cavitiei  to  ihe  very  end  of  ilic  dtvfluj.imtnt. 
The  anterior  and  lateral  amniotic  foldi  are  continued  backward  beyond 
the  potlerlor  end  of  the  embryo,  ua  long  lube  c«nnectiiij[  the  amiitullc 
me  with  the  eilcrlor.  Thii  tube  peihaiu  conveys  nulrilivc  matter  froin 
the  albumen  into  the  amniotic  cavity.  In  CAfimjn,  a  pnico«>  (rum 
Ihe  fiptal  menibnncf  project*  into  a  small  pcrntteni  mau.  of  albumen, 
and  Kema  to  abioib  nutritive  particleai. 

ffiitli  e/ a  PlacsHta  Man  Afammnli.—Ai,  will  1h'  enilnined  after- 
ivardt,  the  p1a«enla>  which  chnmctctiic*  moti  MammaU.  11  an  orgaalc 
connection  iictween  mother  and  unborn  yi>un|-.  Il»  embryonic  put  b 
chiclly  Tormed  (ram  a  union  of  the  H-rout  or  sub-ional  mcmbnuic  and 
the  allanloit.  but  in  tome  cua  Ihe  yolk  lacand  Iheiub-ronal  mcnitirane 
(orm  a  jinivLninnal  placenta.  The  placenta  establi*he»  a  viial  union 
between  Ihe  rmbiyo  and  the  mother- 
Now  il  il  ititeietilne  to  notice,  ibnt  there  -ire  tome  hliiio  a(  placenta 
ciMUicction  in  animaU  which  are  much  lower  than  .Maminali.  In 
tome  ipecict  o(  Mmtttui  anil  Carikari.-ii.  there  a  a  connection 
lictwecn  the  yolk  tac  and  the  wall  <■(  the  uterus :  in  the  TcleiKtcan 
AHatlift,  Ihc  yolk  sac  Iw.  »iiiall  aluorbini;  miij-nwih.i  or  villi  j  in 
TraehyitMimrvi  and  CyrlaJui  umunj;  I.irards.  the  vivrulnr  yolk  mc  ii 
separated  from  Ihe  wall  o(  the  iitciikK  "  only  by  ibe  porouK  and  friable 
rudiment  of  the  ccE  shell  I "  in  CIrmmyi  amoiw  Chelonlan^  there  ii. 
a>  above  dMeribcd7  an  otrcrlnag  protrusion  of  tlic  (nul  memhranet. 
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«hil«  ibe  head  was  very  buxe.  In  boUi,  th«  limfas  form  powerful 
«kHint«d  pMldles  with  ipparcnily  no  trace  tA  nniU. 

ftilkytftaygia. — Lwe  itiannc  ounivorou*  ReMild,  rqitocnlcd 
from  the  Trh>  10  llie  Oiatk.  wiih  U|)crin|;  Ixxly  like  ihai  i/ a  ahark, 
taiCe  domi  anil  cuidal  Km.  iiiil  Iwu  |nii»  «i  pulillr-likc  IiiiiIh.  There 
I*  no  maikcleton.  The  length  of  Ihc  body  it  Kiiiiclimoi  ,{■>  lo  40  fret. 
In  (he  |xiildle  the  mimbcr  of  digiii  is  often  mote  than  (itr.  and  the 
phalanect  of  each  ore  often  verj-  nomeroui.  The  skull  ha*  a  Urge 
parieUi  ronuncn,  and  ]thowi>  dilicr  sAinitici  wilh  Iliu  of  Sphenodon. 
Some  xpecies  were  ii)<|iarcnilir  viviiamut. 

Exaroplct : — /tAiAjvumrtii,  OfilhixiBtmairm. 

JVtMianha. — Thow  «ttan^  CrelaCfOuk  Kcplilrv  »hauld  protialily  he 
placed  between  the  L^cenUia  and  (he  Khyncliocophalis.  They  are 
apedally  chatacterited  tj  ihc  enormous  eloDgniioii  o(  the  body,  which 
■omelimei  leaehcd  a  teniclh  of  75  lo  80  feet.  The  tkull  h  like  that  of 
the  Uonllor  amoni;  Ihe  llurdi.  but  oceording  lo  Cope  il  ilw  jiccicntt 
affinities  with  ktiakn.     The  IxKly  U  bnake-like.  but  Ihcrc  me  two  well- 

^^f  Fin.  3a5.~r<imauiKin  nf  pelvic  clrilla  of  Caxtowary 

^H  t(o  ledl  ;   lnuxnixlon,   an  cxtlnci    Rqillle  (lo  centre)  1 

^M  CroCO    ' 


Fin.  105.— Pom  t 
.0  ledl  ;  lnuxnixl 
Crocodile  llO  right). 

//-,  lliuei ;  il.,  iactiium ;  P.,  puhiL 
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developed  pain  of  limha,  forming  xtnmming  paddlev    All  were  oif- 
.tdvmou*  and  marine ;  the  cliiiribuiion  was  cosmopallian. 
A/MauHinu,  Clidatltt,  Liadm. 

PiHMMirHi. — Teiiesliiid  HeplUcA,  raiieing  f"""  'he  Triai  to  iho 
lalk,  often  very  lari^,  and,  like  Mjirtujii.ilx.  tpccialised  in  vnriotts 
'directiunt.  Tliey  exhibil  many  iminlB  o(  mcmbliincE  to  Ciocodilei  on 
(he  one  tide  and  to  Birdn  on  the  other.  il'i>nti<i.iurni,  a  gigantic, 
berbivoroiu  form,  nearly  ilxty  feet  In  length  wu  probably  nmphibiom. 
AtlanleuutrHS  wu  cren  lar|;cr,  the  femur  meuurlng  over  tix  feet  In 
lenetb.  C»nfi«piallua,  tgHamJan,  and  CamfMiaunu  arc  euinplci 
of  0)e  "  bird-footed  "  berUvonnu  Dlnmaurii.  In  sll  lhr*e  the  form 
of  the  pelria  and  of  the  hind  limbs  preaenis  very  >ltong  sHinitiet 
wilh  the  conditioM  «een  in  Bird*.  CtrnfitgiialMtit  only  rencheil  a 
length  t4  two  feet,  and  hopp«d  on  Iti  hind  \r\p  like  a  tnid.  /fiunnitM 
habaltully  wnlki-il  on  iit  hind  liinl».and,  tike  icvernl  oiheri,  had  hollow 
bonei :  it  tcnchcd  a  height  of  fifteen  feet.  Oflhecamii'oroniDinaami*^ 
38 
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Mtgahiatirm  i*  n  ^ood  ly|>«.  The  pe1*i<  liat  •  Ctomdilixn  ufKOt 
far  the  pabct  *1(p«  fmwud*  initoM  of  Iwckwuoli  a>  in  liitili  mkI 
Inoiuidein,  he.  The  li<nl»  were  riurtithoi  uilh  [lowcifpl  claais  and 
(he  Inlli  iihiiw  iniidi  >| vi-lnl i>allon.  JUtgauuinu  WM  BrniUinl  iMh 
licavy  armuui  '>r  plnln  ait<J  K|iiniMi.  Triirraltfi  hkcl  ihtM  honkt  oti  lU 
tncxmoui  haul.  The  jKiinI  nf  (ncnlmt  inltrvtl  aUiut  Ihc  l>in<aaRn 
ii  the  tcicniblkiiM  to  Bitdi.  Thu  waa  tinl  inuilci]  on  bj-  llnlejr. 
And  lioce  Ihcn  ii  hu  been  ^ncnilly  hclU  (hnl  Bitd>  have  dn-crgod 
fiom  a  I>iiK-<aui  ilrid..  It  a,  houeTcr,  fait  to  noltn  thai  lijr  wme 
lliow  (cMinbUncct  hntc  been  dccUitd  lo  1)c  unimponaat.  while  ihe 
poinU  of  (ru.-ni>'l>iic<  lictoccn  KlnU  »nil  th?  nt^i  onlci  of  Kfptilct 
•re  nuch  dwelt  u|'in. 

tViiAiaaMfrM.— Myint;  Kcpiiln,  rcpcoaailcd  ftOM  Ibe  Imtet  Jumaic 
to  Ike  Upfm  Gulk.  uhiliiiing  mmrf  pmnu  of  reKmtJMicc  to  Carintte 
Birdt,  but  ilill  diitinctljr  Kcptilion  in  type.  AncxpUMonof  the  akin 
•ecmi  (o  have  beck  Mietehcd  on  Ihe  much  clonpioa  ouicmuM  tmep. 
and  lo  ban  oitcndcci  h&diwuil*  lo  ihc  hind  kin  and  ihe  tail.  Tb« 
Icra  booA  Duiitaintil  an-uoi  ai  in  many  Biida.  *»!«  tlernum  ia  IemIoiI. 
•na  terth  are  o(t«i  pmrnt  on  both  jawi.  Some  tie  aald  to  hare  had 
an  cxpune  of  wii^  of  OMrly  Iweoty-fivt  feel,  but  oifacn  «ete  no 
lwp«  ihaa  «pan»«i.  Il  ii  a  <)nc*lion  how  fat  ihc  reKmbhuices  ot 
thetc  fbnni  lo  Ridlii  arr  a  cnnxijDcncc  of  limitiu  habils  and  how  Iv 
they  can  (ir  tri;ar(lc<l  at  tmtlniilng  inie  affinities. 


Jle/atioHshipi. 

While  it  is  siill  rash  to  venture  on  Kct>er&)  condusEonia 
tliU  mtich  Kvcms  clear  tliat  ilte  Reiiiilei,  in  iliL-ir  widest 
KcRftc,  form  a  central  iiMcmbUgc  among  \'cttebra(r&  As 
wc  have  noicd  above,  sotnc  of  the  extinct  forms  exhibit 
affinities  with  Amphilii^ns,  others  with  Birds,  others  a^n 
with  Mamiuals.  1'hou)tli  we  cannol  with  ccrlainty  point  to 
any  of  the  extinct  lyiwa  n-s  directly  ancestral  to  either  Birdt 
or  MamitMil),  it  scemK  likely  that  the  ancetiots  of  both 
were  derived  frotn  llic  plastic  Saurian  stock. 
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CLASS   AVKS.      lilKUS. 


I,  Siib«lMi-    Ahomkirmitkki  (m  S«iinira:j  extinct  Artiiitftayx. 
11.  Sub-cUuH.    Kkoxhitiibs, 

I.  Dlviwcm.  liMili*.  "Kunnine  mrclk"  Otirich.&c. 
&  DiriKiuii.  Uilimtolor.  Kvlinct  l<Kilhi;<l  birtU,  Ifts- 
frrfmit,  &c. 

3.  DiTJrion,  Curinatx^    "Flying  birdi"  with  kcelnl 
Rernuiii. 

DG  share  with  Mammals  the  rank  of  the  highest  Verte- 
liratea.  Their  muscka  and  skeleton,  heart  and  lungs — 
indeed,  most  of  their  itruciurril  arraiiKements— are  not  test 
dlfferentiatvd  Ihait  thoite  uf  Maninials.  Nor  are  tliey  in- 
ferior in  intq^lion.  Tlii;  body  temperature,  exceeding 
thiLt  of  all  other  .inininlN,  i.s  a  i)h)-n(i logical  indvx  to  their 
ntpid  metabolism,  to  their  interne  activity.  Most  Mammals 
show  a  higher  dc^ce  of  liniii  <lo'elopment,  and  a  closer 
organic  conncaion  bctvfccn  mother  and  ofTspring,  but  the 
truth  is  that  llic  two  classes  represent  markedly  dtver);ent 
lines  of  progress. 

Life  having  begun  in  the  waters,  in  alt  likelihood  not  far 
from  the  sea-shore,  slowly  gained  possession  of  the  dty  land 
and  [hen  of  the  air.  Insects  among  the  lower  animab,  and 
Birds  among  the  higher,  arc  pre-eminently  the  creatures  of 
the  air ;  intensely  vivacious,  typically  beautiful  in  form  and 
colour,  lovely  atiit  delightful  in  their  ways. 

In  the  Bird.i  we  olwenea  marked  increase  of  emotional 
life,  so  that  their  alTeciion  for  their  males,  their  care  of  their 
young,  the  joyousnc^s  of  thdr  mood,  often  bursting  forth  in 
song,  have  become  proverbial  among  us.  ^Vith  tlieir  power 
of  Sight  ihcy  arc  emblems  of  freedom. 
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-7^  f^ 

lag  a  tkml  aaft  im  On  tx&^ 
Tie  tfidtn^  amkdttm  a 

AhmMt  dkamtyOamglaaJammmitr 

tL  fvU^i^ttktmtidimfi^mn 
maw^  thtr*  it  «  —«■/»■  gaiaxi:  ttt 
kimteJa/. 

tmlhtbrtim,  Ot fnd»mi»mmat  ^  tkt  t*mi fmrli  *f . 
amd  unhtUnm  kax  rts»Utd  im  Hifixi^Ae  afik  yio  ta  «fe 

Tht  nattriit  are  often  amrha^g  Ij  a  itaniBBW  ot  .-  tkewt  u 
ma  txterMo/  ear;  tkt  tamattfiim  Itimaim  tft^amm  amd 
fmneraaristjfmeamj^^ata/mmtBa;  ttriyttaffa rtrmpBtwarf 
fy  ideratie  aitidet,  there  is  a  wftBdetdaftd  Ourd  ^dU  emd 
a  larxe  milritax  feeUn, 

7%tre  are  no  e firsts  im  tameetiaa  mM  ikt  tames,  ammj 
of  wkUh  amlain  frii^agaJiamt  «f  the  air  taa  cammttled  ufifA 
/it  iMHfS.  amd  art  in  the  admit  ml/unt  marrata.  3%e  tmroa- 
Itert  ^  tAe  vertetraJ  antra.  nt»ed/ram  im  /ramt,  is  eameaot 
/ram  lidf  to  fide,  amd  (emvex  frotm  mtaae  daimmmrdt.  ITte 
trrtriml  verleircr  Aave  tmall  rih.  A  large  member  4^  vertetne 
fame  to  three  dffnals,  all  the  /umtars,  and  tome  taudaJs)  fiiu 
mlh  the  two  or  three  trie  laerats.  The  lermiaal  verltfirw 
fute  in  a  flaughshare  home. 

Molt  ^  the  hones  <f  the  thall  fate,  the  tatirrs  Mag  ehNier- 
attd.  Only  the  Umtr  fata,  the  quadrate,  the  tolaatflta,  amd 
hymd  are  always  moeaile,  hut  the  pterygotdt  mualfy  artimlatt 
fret/y  with  the  haiispheaaid,  the  laehiynuUt  may  remain  free, 
oaJ  there  may  he  a  Joint  im  the  heah  at  the  end  t/  the  pre- 
maxilla.  7%ere  it  Imt  one  eondyle.  A  membrane  bone  tailed 
the  haii-temporal  cootrs  Ike  hiui-iphenoid.  There  is  an  inter- 
firhifal  septum  formed  from  pretphentnd  and  mesethmoid.  The 
e/it  fionei  fuse  with  adjaetnt  Ivnet  amd  nrith  one  anothrr 
ahout  the  same  time.  In  modem  birds  there  are  mo  tetth.  but 
the  jawt  are  tavered  by  homy  iheaths.  The  premaxUla  are 
larf^,  and  form  most  of  the  U<\k.  The  lewer  jaw  timsitlt  on 
tath  side  flf  five  membrane  bimei  and  a  eartilaf^t  hone — the 
artuular-  -tvAteh  tevrhs  on  the  quadrate.     Many  of  the  shuU 
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liOHes  kave  a  sfiangv  texturt,  due  to  tatntiet  filltd  with  air  from 
the  nasal  aitJ  EutlaMan  tuha. 

There  is  a  vKlldnthped  sternum,  generally  \tith  a  keel,  to 
whieh  the  ^etoral  muults  art  in  [>art  atlaehtH.  Tke  Strang 
conuoiiif  rrttrA  and  artimlatt  with  the  sternum.  In  Jifing 
hirdSy  the  (Itwides  art  «y//  developed,  and  art  ufua/fy  <on- 
neeted  by  an  inlerelaviek,  tt-hith  is  often  fused  to  the  tap  of  the 
brtast  bone.  The  fare-limb  has  not  more  than  three  dibits, 
the  three  metacarpals  art  fitseJ  (exeept  in  ArchxujXeryx), 


Fki.  ao6.— I'DBilioii  of  Oreont  in  n  Uinl.    (Aftci 

SSLKMKA.) 

■.. Kaitrib;  ir.,\Twdta,;  «■., crap:  L,  bnn ;  H„>HniuB:  /r,, 
prewDtrimliu :  c.,t\imii:  r.,caEa:  t;Vni»t1*''.  /c.iitlvit:  4.. 

and  there  are  only  twit  separate  earpals,  the  others  fusing 
with  the  metaearpals,  and  thus  forming  a  earpo-mttaiarpM. 
The  melaearfrah  and  digits  bear  the  primary  fcathrn  «r 
fui/li. 

The  ilia  of  the  peJvis  are  firmly  fused  to  the  complea  saerum; 
(he  aalahilum  it  incompletely  ossified ;  the  puba  (orpost-fubie 
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procfssft)  art  dirtiUd  baekvards  faralltl  t<>  the  iuhia.  Thfrt 
is  MO  futis  srmj>h\  lit  txitpi  in  tht  A/ritan  I'llruh  (Slrulliio>, 
and  no  isckiat  fymfhyiii  (xtrftin  tkt  Amtri^an  uttritk  ( Kht^). 
Jh  tht  kind-limb,  Ikf  fibula  is  im^mfilrtr  and  mHttrd  /<•  tht 
tibia  :  tktrt  art  no /ne  lartal  bonet,  ktit/o/  thtm  beinx  united 
to  Ikt  distal  end  of  lh<  tibia  imhiih  if  Iktrrfort  taUed  a  ttiiff- 
tarsuf),  the  ethers  being,  unittd  to  tht  firvximed  tmd  t^  three 
mnittd  metatarsals  (which  thusjorm  a  tarso-melatarsiu).  Im 
other  vards,  the  anUe  Joint  it  interiarsal.  TTit  maximum 
number  of  toes  is  fwr,  o/vhith  tht  first  is  tht  hetlitex,  and  if 
there  Iv  four,  the  metatarsal  of  the  hallux  is  free  from  tht 
other  three. 

In  regard  to  the  alimentary  system,  the  ahsemte  of  teeth,  the 
frtifttent  oeturrentt  of  a  crof  and  a  gitiard,  the  usual  thfrt- 
nets  of  the  large  intestine,  the 
prtstnet  vf  a  tlfoea,  may  be  noted. 

Tht  heart  is  fourfhambertd ; 
tht  singk  aortit  arrh  (unxs  to  the 
right  side;  &nty  the  pulmonary 
artery  rites  from  the  right  tv«- 
tritlt ;  the  two  i>aJves  betspten  the 
right  auriile  and  tht  right  ven~ 
trifle  are  in  part  mustuiar ;  the 
red  blood  torfustlei  are  oval  and 
mutUattd  i  the  temperature  of  the 
body  is  from  2'-i4'  F.  higher  than 
that  of  Mammals. 

The  lungs  art  fixed  to  the 
dorsal  wall  of  the  thorax ;  the 
bronehial  lubes  expand  in  irrt- 
gular  branches  in  tht  lungs ;  the 
ends  <^  somt  of  these  branches  are 
ionlinutd  into  surrounding  air 
sacs  ;  and  these  are  continued  into  air  spates  in  the  bones. 
The  trachea  is  supported  by  bony  rings,  aid  has  a  tviee/ess 
larynx  at  its  upper  end,  and  a  syrinx  or  song-box  (wilh  vetai 
cords)  at  the  ongin  of  the  bronchi. 

TV  hidneys  are  fhrtt-hdvd,  aid  He  embedded  in  the  peMs  ; 
tht  ureters  opeu  into  the  cloaca  ;  there  is  ho  bladder ;  the  urine 
is  semisolid,  aid  consists  ihitfiy  of  urates. 

The  testes  He  beside  the  kidneys ;  the  vasa  dtfereitia  run 
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^/i/e  fit  urtttn,  and  open  into  tkt  middle  region  of  the 
floaea.  TV  rig,ht  apary  atrofhtft,  the  right  oviduet  it  nidi- 
mentary. 

Tht  eggt  huiY  much  yolk  and  hard  ta/eartous  ihe/ts.  The 
sfgmfn/atixm  is  nKrob/aitic  and  dittvidai.  Tht  allaifmt  is 
(hitfiy  rtsf4riilory,  though  it  may  also  htip  in  absorbing  the 
nutritive  iubilamt  of  the  egg. 


Tlic  Pigeon  {CoimnAd)  considered  as  a  ijrpe  of  Birds. 

Tht-  vnricite*  of  domcsikatcd  [ligton  with  which  we  are 
familiar,  aru  all  descended  from  the  rock  ■  ilovi.%  Columba 
Ihia,  and  afford  vivid  illuMtaiionK  of  variation,  and  of  the 
results  of  artificial  ielcciion.  Certain  vaiiations,  e.g.,  in 
beak  or  tail,  ctd))  uj),  wc  know  not  how ;  and  similar  forms 
are  lired  together  until  a  new  hreed  i*  evtahli.ihed.  'ITie 
power  of  rapid  flight,  the  diet  of  seeds,  Ihc  wooing  of  mates, 
[he  feeding  of  the  young  hy  hoth  p.vcntH,  ate  well  known. 


Jvrm  and  External  Chariuttri. 

Tlie  biKly,  well  xuiicd  for  rapid  flight,  ceases  to  l)c  grace- 
ful when  stripijcd  of  its  feathers.  The  cere  alwvc  the 
nostrils,  the  third  eyelid  hidden  in  the  anterior  upper  comer 
of  the  cyclwill,  iIjc  exiirtnal  opening  of  the  ear  coiiocaled  bjr 
the  feathers,  the  preen  f;Iand  on  the  dorsal  surface  at  the 
root  of  the  tail,  the  eloacal  aperture^  are  external  features 
easily  recognised. 

Ftathtrs. 

The  feathers  most  Important  in  flight  arc  the  nmiges  of 
the  wing,  divided  into  primaries  borne  by  the  melacaipals 
and  phalanges  of  the  two  fingers,  and  secondaries  by  the 
ulna.  The  feathers  of  the  tail  help  to  Kuidt:  ilie  flight,  and 
are  called  rectrtces.  A  dU.linct  tuft  of  feathers  home  by  the 
ihunili  is  called  the  hat^L-ird  wing.  Covering  the  bases  of 
the  large  feathers  are  the  eoverts.  —  wing-coverls  and  lail- 
covcrts, — whilp  the  contour  feathers  give  shajic  to  the  whole 
Ijody.  In  the  pigeon  there  are  no  true  down  feathers  or 
plumules,  but  among  the  ordinar)-  contour  feathers  or  penns, 
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there  arc  little  hair-like  fuithcni  (filoplutncs)  vrilh  oxAy  a  few 
terminal  baibs. 

Any  one  of  the  l«^  feathers  consiMs  of  an  xm  ot  k»|iu*  ilivided 
into  a  lower  hollow  portiorn — Ih«  othmus  or  quill,  unit  mn  upi'^  Kilid 
|x>rtii>n—  the  ncbU.  which  Ibrmi  the  axis  or  the  vane.  Thn  nunc  ccn- 
iteu  of  iMumllel  tovrt  of  IrIctaI  baiht,  linked  to  ane  knalhcr  by  Inrbules, 
which  may  Ik  Joincil  lo  oiic  unotlicr  Ly  mictotcopii:  hooklclL  "Vite 
quill  it  fixcti  In  a  pit  (n  folUilc  of  (he  ikin.  with  which  muscle  dbici 
SIC  coDnccint.  Al  ilic  Intc  of  the  (juill  lUere  n  a  Utile  hole — the  in- 
forioTumUlicus— Ihtijugh  which  a  nulntiTC  papilln  urjetmiki&continuci 
into  lh«  Bmnving  foiiher.  Al  the  bate  oi  the  vane  there  ii  n  lidtc  chink 
— the  nipcriat  umbillciu — bm  this  hu  no  impoitknce.  exci-pi  that  pnra- 
■he*  moMttmei  enter  by  It.  Clou  to  thli  region,  howci'ci,  in  many 
hitdi,  a  tuft  or  toanch  ariMH,  which  is  called  the  aftrrUinfi.  In  the 
Emu  and  Cawmwat)',  the  aftcnhaft  a  so  long  that  CMh  fiMlher  tcemi. 
double. 

A  IcAlliCT  t^wi  from  a  inpllla  of  tktn.  but  ihe  whole  of  the  frathcr 
is  nally  fotmcil  from  thecomilicalionof  the  inner  layer  oJ  the  eindmnitk 
The  panllte  ratclv  oocur  diffutcly  nn  the  skin,  but  ore  uiunlly  dispoMd 
•long  definite  featbei.tmctt.  VMti  patiilla  consltl*  cxleroalljr  nf  e[aAa- 
mU  and  internally  of  dcrmiN,  and  liccotnn  Mirruunded  liy  a  JeptcBrion 
or  moat,  which  deepens  to  furm  the  feather- folticle  or  the  sac  in  which 
the  loic  of  the  quill  is  sunk.  The  epidctmii  ha*  two  laycri — (•)  >n 
outer  siiaium  corneuni.  which  in  [he  developing  fcothct  fonni  laerel^r  ■ 
urolecliie  external  sheath,  and  (A)  an  inner  Mratum  Malpighii,  which 
beoomct  eomified  and  lanm  Ihv  whole  frillier.  The  proccsi  liy  which 
thla  qrlln<lcr  of  cclln  licramci  homy  it  ri-niiiiluibic ;  in  the  ii|J|ict  |iait 
ridges  arc  formed,  which  ic|Brale  from  one  another  lu  a  srI  of  miln,  the 
lower  |Arl  rrtnaint  intact  as  the  ijuiJL  When  wc  pull  the  horny  iihealh 
off  a  )-onng  feaihcr,  wc  disclose  a  set  of  bubslytnti  almoat  patalLel  ailh 
one  anolhct,  yet  slightly  diverseni.  The  central  one  prodominales  ai 
the  rachia,  and  its  nclcjiboun  (jiadually  ticome  (he  lateral  battaw  The 
nlemal  ttieath  bllt  oW;  tho  core  of  dermit  is  whully  nutiilix,  and  dis- 
»|^M«t»  aa  the  fcathei  ccaon  lo  grow. 

On  the  toes  and  on  ilie  base  of  the  legs  small  cptdennic 
scales  occur.  Thu  toes  nn;  dawcd,  and  in  some  birds  the 
aanie  is  true  of  the  ihuinli  and  Hrst  finger.  Only  in  the 
embryos  of  the  ho.it2in  {Ofiisthotomus)  and  of  the  ostriches 
(^Slnthio  and  Shta)  is  the  second  finger  clawed.  The  beak 
IS  covered  by  a  homy  sheath,  which  is  annually  moulted  in 
the  puffin.  The  dermis  is  very  thin  and  \'ascular,  and  is 
rich  in  tactile  nerve  endings  or  I'acciiii.in  curj>uscles,  which 
•re  e»i)ecially  ^biintbnt  in  the  cere.  ITie  only  skin  gland 
— the  preen  gland — secrett.-s  an  oily  fluid,  with  which  ilie 
bird  anoints  its  feathers.  It  is  absent  in  the  ostrich,  emu, 
ciassowary,  and  kiwi,  and  in  a  few  Caitnate  birds. 
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The  largest  i>ecCoral  mutclc  (pcctornlis  major)  arises  from 
the  Memum  and  its  k<«l.  and  from  the  clavicle ;  is  inserted 
on  ihti  humerus ;  and  depresses  the  wing.  The  smaller  but 
longer  muscle  {pectoralis  minor),  exposed  when  the  large 
one  is  reflected,  elevates  llie  wing  It  arises  from  the  keel 
and  sides  of  the  sternum,  and  is  continued  over  the  shoulder 
to  its  insertion  on  the  domi  surface  of  the  humerus.  Aris- 
ing chiefly  from  the  coracoid,  btit  in  part  from  the  sternum, 
and  intcrtcd  on  the  humerus  is  a  small  coraco-bmchialis 
which  helps  a  little  in  raising  the  wing.  There  arc  sc^-crnl 
yet  smaller  musclcsv 

Inlemling  alio  U  the  mKhiiDiun  of  ptTrdiint;.  When  Ihc  hird  utB 
on  its  path,  ibe  toes  clup  ihU  tighlly.  The  flcioi  lendoiu  of  the 
Iocs  arc  eanlinuoj  upnard*  in  llexoi  miiKtes  over  the  inclalanal  joint 
to  the  lil^  uid  xfc  floril  aiitonuu lolly  when  the  Icy  'w  t>ent  lUir- 
in^  (letching.  furthcrmniv,  mi  ■mbicnt  miiKlc,  intcrteil  un  the  fioai 
Of  the  pubii,  is  cimtinued  liown  the  anterior  >ide  of  ihe  femur,  nnd  il» 
tendon  beading  lonnd  the  knee  to  (he  oppoalie  ilde  of  the  ijbia,  b 
jnfaiorljr  ccfinecled  »ll])  Ihc  flcxitt  of  two  dijciu.  When  ihc  leg  ii 
bent  In  ^ilini;,  ihe  ambieiM  teiiilgn  Ih  toclcheil.  and  the  dl|clui  c1»p  the 
branch.     TIiuk  iIic  tiird,  when  Ktlcep,  thiet.  not  UW  <ilT  ic»  p«rch. 

'jlB-SOUteClion  with  the  muscular  system,  we  may  also 
''^~  ^l6•t<he  walls  uf  the  giuard  consist  of  thick  muscles 
radiating  around  tendinous  discs.  Two  small  sterno- 
tracheal muscles  ascend  from  sternum  to  trachea.  Complex 
muscles  arc  associated  with  the  song-box. 


SheleloH. 

In  Birds  there  is  a  marked  tendency  to  fusion  of  bone^ 
'as  seen  in  the  skull,  vertebral  column,  pelvi^  and  limbs. 
In  the  pigeon  most  of  the  bones,  except  those  of  the  tail, 
arm,  hand,  and  hind-limb,  contain  air  spaces. 
The  vertebral  column  is  divided  into  five  regions — cei^ 
vical,  thoracis-,  lumbar,  sacral,  and  caudal.  In  Ihc  pigeon  the 
mobile  neck  consists  of  fourteen  cervical  vertebra  with 
ct-rvical  ribs,  short  except  in  the  last  two,  which  have 
them  well-iJeve!o|>ed.  Of  the  thoracic  vertebra;,  naindy 
those  whose  ril»  reach  the  sternum,  the  anterior  four  ate 
to  one  another,  while  ilie  fifth  is  fused  to  the  sacral 
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ccMn,  and  s  brge  ncumi   arch  culminating  in  a  neunl 
■ptnc 

'ritr  rlln,  bofne  b^  five  venelww,  have  twu  bcttda — • 
ca|>iriiluin  xrticulnlinK  mth  a  c«n(Tum,  a  tuhcrcle  aiticulating 
with  a  iran*vcr)H'  f>r<>i:i;M.  'Vhe  vcnlral  part  of  the  rib 
which  rcju-hcK  ihc  ^trmiiin  is  called  the  sternal  rilt,  and  Is 
Joined  «l  an  anKlr  in  tin-  <lnr<al  part,  which  ariimlaliM  with 
»  VflTMbra.     On  the  iiwlaior  uirface  of  each  uf  the  Tint 
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low  ribs  thoe  b  la  wiiiMii   yaxtm,  ihnnl  onty  in  tbe 

The  ifcoll  )ms  a  wiwtjd  asBOl  csntjr  and  ■  nairo* 
beak,  which  »  okiMltr  coapOMd  of  llie  praBaiinc.  AH  the 
bones  arc  fixed  scceot  Ac  gmdialu  lower  Jaw,  cduindla, 

aod  bjnwL  Tbe  sur&ce  is 
potithed,  tbe  ratures  are 
ablilcfaed  vtsj  early  in  life. 
Tbe  back  put  ot  tbe  skull 
b  bnoed  by  ibe  ban-occipi- 
tal, tbe  two  e3M>cci)>ital*,  and 
(he  supfa<KcipiiaL  These 
bouftd  tbe  fonuncn  magiutm 
through  which  tbe  i^inal 
cordpaases.  The  tnsi-occipi- 
uil  forms  iDOst  of  ths  single 
condyle  on  which  the  skull 
routes. 

The  top  or  tlic  skull  is 
foTTDDd  from  ttie  paired  paric 
oN,  rronialv,  and  nasab,  tbe 
U»t  being  (inaU  aiid  ii)  part 
superseded  by  tlte  ui>watd 
c:xtcns»on  tA  the  premasiltie. 
Tbe  line  of  tbe  ujipcr  Jaw 
consists  of  iMvmaxilla,  Kinall 
maxilla,  jiigal,  and  quadrnlo- 
jugal,  the  lost  abutting  on 
Ibe  movable  quadrate. 

Of  the  membrano  bones 
on  tlie  side  of  the  skull,  tlie 
lachrymal  in  front  of  the 
orbii,  and  the  K]Uamosal 
above  the  qundralc,  arc  the 
moit  important. 

On  thf  roof  of  the  mouth 
the  liaM.iphenoid,  which  ties 
just  in  front  of  the  liaai -occipital,  t*  covered  over  hy  a 
menibnine  hone  the  liaw  lomporal.  In  from  of  iht>  i«  a 
sharp  "  boKis])henoidnl  rostrum,"  or  |ur.-is;>tienoid,  ak<>  a 
membrane  bone.     Articulating  wUh  Wxc  (\vu.&iW.ci  *M  tt'v&» 
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the  rostran  are  ibc  pteqgoids.  in  front  of  dieee  lie  tbe  palft- 
itcKs.  Urtwvca  trfaich  a  put  of  ifae  votneff  OMf  be  seen. 
Tbe  bony  6aM  «f  die  ptihte  is  fDrmed  from  tnwtrd  exten- 
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extend*  the  rod-like  coluioclla.  The  lower  )>w  orisinaDy 
(unMsts  of  AMtr  ncmbtane  boms— denUrj,  iplenaj, 
an^lar,  snd  suranfiUar;  and  one  cartilage  bone — U» 
anjcithr.  The  hjnotd  con*n»  of  a  Aat  "body,"  with 
uiierior  and  posterior  "  bom&'* 

The  pectoral  girdk  conshts  of  sabre-like  trw|wilHt  ex- 
tending dOTulIy  over  the  ribs,  of  atotit  cotaeoidi  iloping 
venlrtUy  and  aiticulaiiog  vith  tbe  atcmBin,  of  the  clavicles 
which  arc  united  by  the  interclavide  to  fonn  the  neriy- 
thought. 

The  sternum  beats  a  con^icuoos  keel,  b  produced 
laterally  and  potteriorly  into  two  xiphoid  proccMes  and 
bears  arttoilar  loifacei  for  the  ooncotds  anteriorly,  for  the 
ribs  laterally. 

I'he  skeleton  of  the  wing  irichides  the  stout  humerus,  the 
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Tk.  alt.— S«ilcric«o(pdvuorC<Mo«M]p. 

Nrparatc-  radius  itnd  ulna  (the  lattLT  ihe  larger),  two  free 
carpals,  a  cajpo-mctacarpus  of  thM?c  mctacarpaU  fuied  to 
one  another  and  to  some  carpal  elements,  and  three  lUgita 
—the  thumb  with  one  )oi]it,  the  first  finger  with  two  joints, 
the  .second  with  one. 

I'he  pelvic  girdle  consisu  of  dorsal  ilia  fused  to  (he 
complex  sacral  rt^on,  of  ischb  sloping  iMckward^,  and 
of  pubcs  or  post-pubic  processes  running  parnllcl  to  the 
ischia.  The  incomplete  otsification  of  the  socket  or 
acetabulum,  and  the  absence  of  ventral  symphyses,  are 
also  noteworthy. 

The  hind  timb  consius  of  a  short  stout  femur,  a  tibia  to 
which  the  proximnl  bvMb  arc  fund  (fonnii\g  a.  t.vl.\u>Jtan>u,V 
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StHse  OrptMt. 

'Ilic  sense  of  anicll  does  not  seem  to  be  keenly  de- 
vclopi-d  in  iiuny  birds.  The  nustrits  are  longitudinal  Kiits 
overhung  by  the  Kwollen,  more  or  kn  aenitiiive,  cere. 

The  icnite  of  hwirina  is  acute,  lixtcrnally  the  car  is 
marked  by  nn  open  tube^the  external  auditory  meatus; 
ttie  Aperture  of  whicli  is  surrounded  by  a  regular  circlet  of 
Icsthers,  Within  the  tube  licrwath  the  surface  lies  the  drum 
ot  tympanum ;  connecting  this  with  the  fenestra  ovalis  of 
the  inner  ear  is  the  wi-ll  develojied  columella ;  tlie  tympanic 
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chamber  is  continued  past  the  ear  as  the  Eustachian  tube 
which  unites  with  that  of  the  opposite  side,  and  opens  into 
the  mouth  c.ivity  in  front  of  the  Ijiasi-sphenoid  bone.  The 
cochlea,  or  curved  jnotuberance  of  the  mccului,  which  is 
incipient  in  AmphibianK,  and  larger  in  Reptiles,  is  jxt  more 
marlced  in  Birds. 
As  to  the  eye,  its  protection  by  an  uvp«,  *  \qwct,  wA  *. 
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from  the  liver,  which  is  witliout  a  gall  bladder,  though  this 

is  present  in  most  tiird.t- 
The  small  intcslinu  is  long;  the  large  intestine  ii  very 

short ;  in  fnct,  it  is  not  more  thnn  n  rectum  two  inches  in 

length.    At  the  junction  of  the  small  and  the  large  intestine, 

there  are  two  short  cicca.  In 
some  birds,  ^.jf.,  the  towi.  iheje 
are  of  considerable  Icngtli. 

The  cloaca  has  three  divisions, 
on  upper  part  into  which  the 
rectum  opens,  r  median  part 
into  which  the  uretcn  and  the 
genital  ducts  open,  and  a  pos- 
terior region  opening  into  which 
from  the  dorsal  suriace  is  a  vas- 
cular and  glandular  sac  called 
the  bursa  Fabridi,  which  usuall;p 
disappears  during  adolescence. 
Its  function  is  obscure. 

Vaioitar  System. 

The  four-chambered  heart,  the 
single  aortic  arch  bending  over 
to  the  right  side,  the  hot  blood, 
are  the  most  important  char- 
acterintics. 

ITic  impure  blood  having  ne- 
tumcd  by  the  venie  cavte  to  the 
Tight  auricle,  passes  through  the 
luriculo- ventricular  valve,  which 
has  two  inuAcuIai  flaps,  into  the 
right  vent  ride,  and  is  thenoe 
driven  to  the  lungs,  From  the 
lungs,  the  punticd  blood  returns 
to  the  left  auricle,  and  passes 
through  two  membranous  valves 


Fib.  ais-— Circulmicin  of 
Pigeon.  (From  Pakksr, 
icr  PreGice.) 

n*.  Ki^I  sgrictc ;  il*.  leTi 
auricte  ;  r.  puloio'iAfT  an«ry : 
C,  »n>il>l  wKry*.  A-,ri,  ItnchUl 
*iutv  :  Ft.  a.  pcdenl  uhr  : 
y,  juaulu'  win ;  Hr.  o,  hnchlif 
nln :  ^\.  r,  pMionl  vtio ;  w, 
•oru :  k  v.  hciiailc  r*iiu ;  /  r  i, 
infvior  *tna  a^-a  ;  d  a.  doriu 
aoru^  it.  1IL40  ferTfry  irnil  niii; 
rf.  Rnal  |uruJ  ui  hypctcMrk : 
K,  teulk  an*ry  jtnd  vtm:  rw, 
MlUkI  ivln :  /*.  ftiHinl  vein ;  (  m, 
MtfyCM-mcwiiIcrlc  to  llw. 


into  the  left  ventricle.  Thence 
it  is  driven  through  the  arterial  trunk  into  the  carotids, 
the  subclavians,  and  the  dorsal  aorta.  The  bases  of  the 
aortic  and  pulraonar}'  trunks  arc  guarded  hy  three  semilunar 
valvea.  From  the  cajjiUaries,  the  impure  blood  is  collected 
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est  ETMU  umenlum  which  covtn  the  alidoniiniil  nicer*.     It  Itadit  nol 
inio  ihe  livK,  bill  into  one  of  the  hcjiaiic  veins. 

Asjociatod  with  the  blood  vascular  sy^Eem,  there  is  a 
Iyni)ih3li(:  lyMcni  with  .1  few  lym|)haiic  ^-biidit.  The  spleen 
lits  on  Ihi;  rij;ht  side  of  the  provctilrii-uhis,  the  paired 
thyroid  hcs  hesidc  the  origin  of  the  c^rolid  arteries,  and  a 
paired  thymus  is  round  In  young  birds  in  the  neck  region. 

Respiratory  System. 

The  itnportant  facts  ate,  that  there  is  as  yet  no  diaphragm, 
that  some  of  the  bronchial  branches  in  the  lungs  are  con- 
tinued into  adjacent  air  sacs,  that  expiration  is  a  more  active 
process  tliaii  inspiration. 

The  nostrils  lie  at  the  luaae  of  the  l)ealt  overlapped  by 
the  cere.     Only  in  the  kiwi  arv  thev  at  the  tip  of  the  beak. 

The  trachea  is  strengthened  by  bony  rings,  and  is  moved 
by  two  stern o-tracheal  muscles  from  the  sternum.  It  has  a 
lar^-nx  at  il!i  anterior  end,  and  a  syrinx,  with  vocal  cords,  «t 
its  lower  end,  where  tlie  bronchi  diverge.  The  bronchial 
lubes  branch  in  a  kind  of  treelike  fashion  in  the  lungs. 
Th«c  lie  attached  to  the  dorsal  wall  of  the  thorax,  indented 
by  six  of  the  ribs,  and  covered  with  pleural  membrane  on 
their  ventral  surface  only. 

Around  the  lungs,  and  connected  with  the  ends  of  some 
of  the  bronchial  tubes,  arc  nine  air  lacs,  four  lateral  and 
tnt  median.  In  order  from  behitid  forwards,  lie  posterior 
or  abdominal  tacs,  the  tiosterior  tbntancs,  the  anterior 
thoracies,  the  ccr%'ictil5,  and  the  interclavicular  in  the  middle 
line  in  front.  The  anterior  and  posterior  air  sacs  arc  con- 
tinuous with  air  spaces  in  the  bones. 

Excrttory  System. 

The  kidneys  are  three  lobed,  and  lie  cmheddcd  in  the 
Ilia.  They  receive  blood  from  the  dorsal  aorta  by  renal 
arteries,  and  the  filtered  blood  leaves  them  by  renal  veins 
which  unite  with  fcmomis  and  renal  portals  to  form  the 
iliacs,  or,  wc  may  almost  ssy,  the  inferior  vena  cava-  But 
the  kidney  also  receives  venous  blood  from  the  sciatic  and 
other  posterior  veins.  Thus  to  some  extent  there  is  a  renal 
portal  system,  which  Aoe%  not  occur  in  Mammals. 

The  wniLto  p(oilucl'i>  oonsl^tinK  Un  Ihc  ni>»t  ptitt  uf  unUra,  poM  in 
■emi-solid  foim  down  the  oifften  into  Ihe  metliui  comparlinoiit  of  the 


b  fentf  •/ acft  UtecT.  at  the  »■ 

The  uacolte  in  from  of  the  kidoey^  T^WT  »"««»  in 
i  bcfaw  the  nrewiwn  mmop.  The  scxbbI  penoo  tn  binlk 
M  flneo  — iTowly  liiitiiwi 

Tbe  1(1 1  fiiiif""T  pMs  frotn  tbe  tottt  toco  ft  m  daaco^ 
vliicfa  fie*  to  (be  OMBBde  <if  the  axrapaDdiiiB  nctec    The 
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defercnlia,  ilJghtly  convoluted  wheo  full  of  ^xmSt 
open  tepantdy  into  the  tnedun  coQWrtncnt  of  the  cloaca. 

In  ihe  adult  pigeon,  and  in  most  oinfa,  there  is  only  one 
ovary ;  that  of  the  right  side  atropbks  very  eatlf  in  life. 
Tbc  right  oviduct  is  represented  by  a  small  rudimeu  ckne 
to  tbc  cloaca. 

Tttt  amy  is  covered  with  follicles  containing  on  u 
mioui  ttiget  of  ripeness.  As  these  ova  Ixcome  dilated 
wiA  j6tk  m  otberite  natnte  they  burst  from  the  ovary, 
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and  arc  caught  by  th«  dilated  end  of  (he  oviduct.  The 
first  part  of  the  duct  i»  narrow,  and  there  the  {jva  may  lie 
fenilUcd  ;  the  second  pari  is  wide  and  glandular,  scori;ting 
the  white  of  egg ;  in  the  third  region,  which  in  muscular  and 
glandular,  the  shell  of  the  c^  is  made. 

How  ihc  shell  is  made  we  do  not  precisely  know, 
but  it  seems  certain  that  it  is  not  by  Ihc  mechanical  apposi- 
tion of  the  secretions  of  the  oviduct.  A  rudiment  is  present 
from  ihe  first,  and  ihi.t  riidimcni  u^ev  materials  provided  by 
the  oviduct,  iind,  although  not  cellular,  f^vtvi  by  "intus- 
susception." 

In  sexual  union  the  cloaca  of  the  male  is  closely  ap[x>.sud 

to  that  of  the  female ;  only  in  a  few  cases  (in  ducks  and 

gccsc,  and  in  the  Ratiix),  is  there  a  copulaiory  organ. 

Dtvchpnttitt  of  Ihe  Ckitk. 

Thv  iiinvriau  ■wuni  uf  Ihc  hen  is  ■  l.ii^  h^ibcrlRd  l>wly,  cnnsitlliig 

Uuifrly  of  yolk,  but  exhibiting  at  oii«  rq^iun  a  disc  uf  romuitivc  proto- 

ptnini  with  a  Utinc  nuclciu  or  gcr- 
minnl  vciiclc.  Tlic  fljicninc  o{  Ihe 
ciX  i»  «ccDni]»iiicrJ  liy  tlic  ili*- 
npimrancc  of  the  niitluu  innn- 
bniie.  oo'l  utsu,  ju[|);iii|;  ftiiin 
nnilugy,  liy  the  fatmxliun  of  julu 
Ix-ilia  I  but  the  ilctaiU  iit  the 
jiiKcn*  arc  itUI  obscure  in  ihv  hen. 
I^iihct  before  it  Icavo  the  ovary, 
or  in  ihr  iinpec  p>rl  of  Ihv  oviduct, 
ihc  «m;  <>  fi'fiiliii'il  liy  a  t|>en>iBlQ- 
ruon.  During  the  k-iI  of  ilM  fpauagc 
ilown  ibc  fciuolc  duett,  il  unilcrsors 
Iwa  )cti  of  chnDgo.  On  Ihc  oiic 
hand  it  becoma  lurroundeiS  by 
v«rJou*  cniclopc*  wlded  to  ihc  (tcli- 
ale  lilclKnc  iiiemlininc  with  whidi 
it  itilroidy  JnTMinl,on  ijicothci  (be 
procMk  M  twmcQUtluit  goe*  on 
nipHdly  in  Ihi-  nrmalive  arm.  As  a 
tmuU  nf  lhc«e  ptoccuct.  wc  Iind  Ihot  whin  liud  Ihc  cw  "  sartDundcd 
6nl  by  >  (inii  putoui  shell  of  ca.rbon;xtc  of  lime,  formed  in  the  lowwt 
part  of  the  uviiliici  i  bennlh  thii  there  li.  n  double  ihell  inembrBne.  the 
two  laycrt  of  which  arc  sepamlcd  aX,  the  IximiI  end  of  ihc  thctl  to  form 
an  air  chatnlxr.  I'hit  rhniDlirr  cruwt  liirijct  xt  dcvclojimcnt  prococdi, 
:tiid  1>  uf  uimr  iniji-riniu'i',  in  cuiuKclinn  with  n-ipirsticin,  M  an  inlet- 
nicdlalc  rq^uli  lietwci-u  llic  cmlnyci  aivS  the  external  nirilium.  Bcnmlh 
the  Hhcll  nicmbnincc  li»  Ihc  nltiumcu,  or  "while  oF  egg."  which  u 
secreted  by  Ibe  thin-wnlled  (cdon  iif  Ihc  miclucl ;  in  tt  Vw.  v«ro  i^jut&i 
IwiMcd  cord*  or  ditlact,  pioauccd  hy  \he  rWaiiVaii  (A  >1m  ««il  ^^  '^°" 


FlO.  317- — Dliii;r(inimAllc  nee- 
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oviduct.  WhtiiB  (he  cavdojping- ilbUBMO  lietihcoirua  propct.  wiih  hx 
<»onmaak  mMM  of  yolk.  The  rolb  it  ttul  bontupnwm.  but  conicnx  of 
two  wtaUsca,  knmrn  Knioetlvflv  m  while  awl  y«lhv«  yolk.  Tbo 
vfUW  y«lk  faniu  a  cmtnl  Huk-shspcil  nun,  Mtd  ooeon  tlu  m  iUb 
caneaiLTk  hyvn  is  iIm  ]fcUuw  j^k. 

On  the  upper  ntbce  of  (be  volk,  to  wbMcvci  pontion  the  qg  be 
hclJ,  lici  Ihe  MgncnUil  bUttodcfo),  abcoc  cuci  oilfin  trc  Muut  too- 
ndo  mote  preciMly. 

In  uccurilnnfi^  wiih  the  principln  of  devclimnieiit.  with  vhkh  llie 
uuileni  i<i  nlicuily  btnlliM,  jiitk  i«lo  be  Tcpninluui  inert  ami  pauivc 
■ulniiuicc.  In  ihe  hm's  rg;  wc  have  in  mcnaicd  tptcialiutioM  alone 
the  line  indicatnl  liv  the  ces  of  ihe  firo^  Here  we  have  a  snutl  pMc£ 
of  fomutive  protDplmii  at  one  pole,  and  a  lai^  acgiegaie  of  yolk  com* 
poHQK  ihc  remaindii  «f  the  eg.  In  ooatequence,  (he  Mtinty  of  llw 
prolophum  it  unabte  (o  oveKome  the  faienk  of  (he  yolk,  and  MgnentB- 
tkm  is  mnobluitLc  and  dlacoidal. 

In  the  prot^lawD  of  the  en  horioMlal  aad  vertical  fartowt  appcu  !■ 
rapid  MCGAiion.  The  rirMli,  u  eihiliited  by  vntkal  MCiiM*,  fa  l» 
Modirce  an  upper  eprthclii)  lavcr  of  eclb,  leporated  by  a  uaall  fpace 
ffoDi  larger,  Mkorc  imguhr  cclli,  wbrch  >rc  itrll  in  OMnottion  with  the 
yolk  on  wbidi  they  lie.  At  (be  diculai  lioidci  of  (be  getminol  JIk  Ihe 
two  KU  of  cell*  Mie  conllrmouf.  .\a;nrilln|;  lotome  allthonlio.,  (hit 
tUge  rcjircwnti  the  liUiiiils,  ihe  up|ief  layer  of  cell>  <»tTetfxin<ting  to. 
the  celli  oi  Ihc  nnininl  [H>Ie  in  the  tttx.  the  lowet  with  the  enormoni 
HIM*  of  yolk  on  which  they  lie  to  Ihe  cell*  of  the  vc(;ctalive  pole,  the 
•pace  to  the  K)[mciiuil)oii  oavily. 

At  (he  next  ttage  llirrr  ajipettt  a\  the  (ulurr  poUciinr  rail  a  cruet; Ut- 
(hand  cioave.  fii  iIiih  ttviati  thtre  a  an  iiif;rowlli  v(  c^lU.  which  |Wu- 
baUy  rerirmentti  *  ■nintil'iTd  prucru  r>f  i;iutnilu[icn,  unci  rctulLi  id  tire 
oblileTntum  of  Ihi'  nq^i-iitalian  ravjty,  anil  the  fbrauliMi  Ot  t  "  tab- 
l^rminal "  cnvity  m  atcheoteron.  The  floor  of  (he  H>b-piiai»»)  cavity 
ufbniicd  by  Ihe  yolk,  in  whicb,  bf  a  procew  of  nipplonentary  cleavage, 
yolk  nuclei  appoir. 

Th!*  conJliion  i>  thni  Luulnnl  when  the  cK)!  ^  '■'■'-  On  turbcoview 
wv  lee  a  Mtttnil  itUilrfineil  "  |>:lluclrl  atMu^  Thia,  whitfa  bctniwci 
murh  ntuie  diitlnet  <luiiii^  the  culy  houni  of  inmlxiliim,  in  (he  am  of 
Ihc  lilul'Kh'rm  which  oi>erlie3  the  lub-germirul  caviiy,  nnd  ii  cuntmtted 
with  the  surrouuilln^  "  opaque  area,"  which  Ua  ilirecily  on  (he  yolk. 
A(  Ihe  potleriar  rccion  of  the  opaque  ■tea,  u  already  noted,  Iheic  ia 
the  cmccnf  Jc  pouvc  where  Ihi-  outer  and  inner  byen  are  conllMMMiik 

Aftef  Ihe  comiiienccnicnt  oX  Inculalion,  the  ti]at(o<l«nD  Kptvadi 
rapidly  over  the  julk,  chielly  li)'  (he  cKlcetiuo  d  iliv  ntnt  ujiaca  ;  the 
arm  |)clluei<la  nimiwhih-  d-nigam  and  htKonitB  oval. 

Annllii'r  iriigiiirlatit  change  whieh  aUo  occun  in  the  early  huun  uf 
incutnliuii  ij  ihe  tonvcnion  of  the  tiamvctw  oracenlic  CHJOve  into  the 
b^ituitinal  [irimiliiT  Mn-ik.  The  prcdic  meaning  of  Ihji.  change  it 
Himcult  anil  uoci-ciiun.  Imi  iheii-  h-cii<>>  rm  duul'it  (hat  the  ptiiiulivi* 
nlKok  refilr>i.-nli  the  antvii'ir  tiji  i>r  llii'  liluklnjiiK.-  ol  ihc  fn.^-  ''  ""*■ 
ilowti  ihc  trnlii'  of  1  111'  .mn  |n*lluti'l.n,  nnrl  ii  m.-itkcl  liyai^illnl  fullow, 
the  [iriiiiitiic  );i>xnv.  Ai  ili  ttctea  two  wingi  of  cvllx  are  oliviutu ;  iJicii; 
toon  s|>icul  out  bteratly  and  ontetioily,  and  cooultule  the  mcioblul. 
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L  OiguiuilJitkpn,  «Dp4rficiaL  ticw  of  lilvtodcrm. 

k  V*nlal  tMUano*  hluisriMtn  ;  />.,Tpitil»i  \  t.t.,  t«*n  Ii7*r  of  alU :  l/'.(..  hc- 

mMutoB  otvtcy  1  r"  r>u>- 

>  Dbirunnunic  aurfaa  new:  */>.  ucn  [KlludJi>:  isA.  ana  Vfiua;  a.^,  noinl 
Cnwn  :/■•..  pilmlilvc  itiHk- 

^  DiajEFvnouLif  »ur(af«  vLcv  at  luivr  tiafi* ;  ^,  area  pilliidda  ;  a<#.,  ana  opaot; 
M-t.,  inaiohlani  u^maiiTt ;  >-r-.  icimlti^  fclrak- 

».  CroH  tHilon ;  1^.,  qibiKl  owd  ;  r^..  rnillnHni  of  <p<nil  guiKlu  '.  -V'.  RMocliord : 
■oJi.  naobluik  ptalca;  An  Mfia  :  ■■•,.  ■mnioii  (oM. 

i.  Rnbryoi  ti..<anMlDni;  f„aa;  //.,  haan  -./J.,  Ian  limb  I  Jl.^,  hind  linA  :  r-t-i 
niLlkifoii-uBjivlli  >at:  ALattmrit:  Jr.,(rt :  (,«nb>uB. 
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The  pfoeiM  oHciB  Vt  the  caa«k«cfitt  of  ihb  middk  lafer  U  ancemiit, 
bw  It  it  Inporunt  to  notka  t)M  all  ikior  byan  of  tbc  rmUjno  uc  con- 
ncclcd  at  (lacnilwof  ihe  primtiiTc  itreak. ami  ibc  bii|^  m  iho  bk«- 
Copow  io  th*  JlQ^ 

la  ifac  i«0aa  m  fconl  of  tbc  pnuiiivc  im«k,  ■  tow  et  bjrnoblwt 
odb  bccoMCs  diCcfcotiMed  •>>  totm  (be  mHocbotd.  At  it*  Met  the 
«bceu of  iMinHaiili  eelk  wUi  loiia  u  iatma at  wjHamAaae  byvr,  mw)  wi 
oMci  or  toontk  hm.  A  liUlc  klcr  tbc  mcwUM  dSvidn.  Into  the 
•qcnent^tf  MTanf^  nMoblutk  MNaJM,  |irin|[  at  iht  tidn  of  thr  dmo- 
CBMi),  HM  Iht  mtaeiBCBleil  lalenl  (islet  ''mae  oyla  aad  iBnct  *«]b 
fucRi  ibc  conapoadMi  boanduie*  «f  the  ccdcme. 

At  tb«  tioM  when  Ibe  noMcbonl  huappeucd  JMenwlIx,  the  adcmal 
epiblist  bccamd  difcetKHted  to  fo(m  Ibc  aKduUuy  pocnne,  which  gm* 
nic  in  ihe  uuul  «>y  to  tbc  medotlw  caiul.  The  loidi  at  finl  dtniM 
poticrhorhr  on  either  tide  uf  the  primttrtv  imak,  bat  m  ibewlotttiwrdi 

Duiisf;  ibo  ooone  of  the  ttcood  ilar>  Ibe  onbtyo  hcdb  to  tbik 
(unbn  inio  the  yolk.  whHe  holb  uitcrioily  and  poBtcriafjr  douMe  fobb 
knotim  respectively  at  the  had 
•nd  the  tul  Udi,  riie  ufL  Ift 
Ok  ooarac  of  tbdt  developaMni 
tbc  embryo  bcwimci  oomBMelT 
"fotdrd  off"  fawn  the  yolb  Al 
a  tl%hlly  bid  itave.  »de  fotds 
atao  appcu:  all  Ibe  fotdi  now 
oooibl  of  adouble  bycr  of  mnui- 
topkuK  corercd  cilcmallf  by 
cMbUil.  The  fobli  RKCI  ai«vc 
the  bacli  of  the  mlvyo  and 
CoakKC  Tbc  tnaer  hyer  (orms 
the  tnw  amnfaii,  the  onut  tbc 
Uat  aimdoa  o*  iratanaal  mem- 
bnsb  Into  ibe  ipace  betweea 
the  amitiaiic  loldt,  aa  oiitgrooth 
bom  the  noucrior  legion  of  tbc 
pu,  ibt  aibntoii,  powi  oM. 

hdon  the  end  of  the  fint 
i^',  blood  wwcb  bep*  to  be 
derebped  in  Ihe  talM^mbryo- 
nic  lenon  of  the  bbaoderm. 
Tbeae  fona  the  bccbmbie  of  tbc 
*kcllliie  Tcatels,  wbich  are  of 
peal  Inponance  ia  the  early 
tUfc*  of  develocnenl.  and  have  pcolnbly  al  firil  hnm  n-s)iiralory  in- 
ponaiKb  A*<fe*elo(imeMptooeed»,lhcaIlaMobmcTtMe*B*e>>l]'i*ndi 
naing  with  the  nifcaooal  Mcnilea««^  uproadci  daw  to  the  cq  ihed. 
U  hoi  a  bf|e  Uood  Mpplv.  and  fuKtloM  u  an  at0U  of  roi^rukin,  ia 
adfidoa  it  abtorha  Ihe  «bii«  of  egg,  thiu  tetvtng  *■  an  otpm  at  nMii- 
tfam,  and  aba  rcwlvt*  driutiti  of  uralcs,  Ihn  functhnin^  at  aa  or^ia 
ofuciellon  Bi  theaairawBtnaeof  the  letm. 

Wc  )wvr  >}Kiken  of  the  "feldiag  olT"  of  tbc  cmbtyot  •■  bbuportaai 


Fic.  219.— UifcnnMnMic  Mction 
of   emlMya    wMilii    Eg^       (Allcf 

iX,V<Auc:iifc.r"ef  •■bya:  aJL. 


I  vnfa  :  a.,  wiilii*  1 
mt{tj  :  I.,  nit-«aB»l  ■■■hiari. 


I 


k 


CLASSIFICATION  OF  BIRDS,  61? 

to  renlwe  thai,  urn  nmill  of  tbi*,  ike  niU  muil]  embnro  U  iltachcd  by  ■ 
rtiUiivdv  narrow  maHc  lo  ihe  lup  yolk  j»s,  ova  which  tlie  bluiodcrm 
b  now  Jowly  itpicwiing-  In  lh«  yoann  ladpolc,  the  yolk  )ict  hoped  up 
an  Ihe  (loornf  (hegul, aticl  ca,uMS  a  otiUin  uiounl  nf  liiModinn.  In 
ihc  chick  the  nmount  of  yulk  ii  bo  gitrnt  thnt  j(  fotnii  n  hrrnin'likc  pn>- 
iniiiqii  of  the  gut,  and  only  u  a  tvty  late  lUgc  »  th«  (■''"''K  '"'ucccI 
tac  withdrawn  into  the  gut,  after  which  the  dermal  and  inlntinal 
umbilicnl  opcninei  ate  clcscd. 

With  )qpmj  tn  ihc  iI?vclo|iincnl  iif  the  vatiouii  nrgaiu  of  ihc  body,  the 
eondtliniw  arc  nmrh  ihr  umc  nt  (or  the  ffiii;.  The  c)iick  cmlirj'o  ncrei 
cahJblUan)' trace  of  gilli,  but  )tI  i-ill  rlcftFt  jierfutalirlhc  lihatjnii.  The 
omhryonic  organ  uf  mpixalion  ii  Ihv  allantoii,  Init  vet  IhAt  arraU|;clliaot 
of  aortic  atthei  lij-  mcnns  of  which  in  the  ladjiole  blood  ii  carried  to  the 
gUli,  u  fepenlcd  here. 

About  the  twentii-ih  <lay,  the  beak  pcrfonlex  the  mcmbroinci  of  Ihe 
air  chain) K't,  anil,  the  ate  rM^hlni;  in,  eanandt  Ihe  hllhcrlo  fanclinnlcvi 
lunev  Al  Iht  ame  time  mi^urtant  rnangc*  occur  in  ih«  dreulntotj' 
hy^lvin.  "  till:  iimbiliciu  tiecomei  comnletclyclmecl,  IhcallaiitoiinhilTcU 
un,  and  the  chick,  piercing  the  broad  end  of  ih«  (hell  wilh  repeattil 
blows  of  ita  beak,  alept  out  into  the  world." 


CLASSIFICATION   OF   BIRDS. 

I.-^nb-OiM.   AKCMjVORXiTKmor.SAtiituttX.    Andeni  eitincl  birda, 
wtth  MJMllUll  sfblitic^  tn<<rf  nMfkcil  ihikii  in  any  living  fbimt. 

Tb«  oldnl  known  bird  it  Artk.t^fitijfx,  i«inain»  ot  which  have  l>cen 
found  in  Ihe  Solenhofen  slatts  in  llie  U|>Mr  Oolite  (J"'>''*''>of  Havarla. 
"The  ilone  is  sofnoEiained  that,  bc*iacsllie  bones  uf  Ihe  win|-H.  iho 
hireulum  or  meriythouiriit,  the  pelvia,  the  len.  and  the  tail,  we  have 
actually  caili  or  impreuicmi  on  tlic  atone  (nwife  when  it  wu  u  ycl  only 
toft  mud)  of  all  Ihc  fc«ther»  of  the  wini[t.  aikdof  the  tail." — (NichoUon 
and  I,yd»kker). 

1'his  link  between  BinU  and  Kepillo  tcemi  ti>  have  been  a  land  Mrd 
nboul  the  liic  of  a  cruw.  It  hud  (valhen'.  and  the  opjirr  jaw  bore 
conical  teeth.  In  the  fo»ril  i|icciRii:n  (he  feallim  arc  canrmed  to  Ihe 
vrinifi,  Icct.  anil  utl,  thoK  on  the  hcoil,  neck,  aTid  mink,  harins 
wrliaiH  fMlen  olf.  Kach  joint  of  the  long  tall  bean  a  pait  of  Itiieral 
leatheri — a  unl<iue  arRingeinent.  The  renebm  have  nal  end*  :  the 
rib*  are  rcry  sleiiilci,  without  unrinatc  (nocewea;  Ihc  tlrmum  it  not 
known  I  there  seem  lo  have  been  abdominnl  ritn.  There  are  M:|Mrale 
mcIBCariMU ;  the  lir>.i  finger  haa  two  phalancn,  the  woond  three,  the 
third  three  or  four,  and  all  an  elaaied.  DT.ltur.ii  hu  re<rtiily  main- 
taineit  thai  ihc  mclacajpithof  digfIa4Mid  5  arc  alto  preieii!.  Tlic  tail 
wat  long  like  Ihal  of  a  liiard,  wilh  abom  a  koic  of^  veriebiae,  and  no 
ploughimxe  bone. 

11.— Sub-Ckiai.     NaOKKI-llIES. 

The  melaearpali  air  fuited.  The  aecond  finger  ii  the  lonccU,  Biidlhc 
third  it  rediictil.  Caudal  verlebne  uc  apparently  not  nioic  man  ihiiiecn 
in  tnimlicr. 


Oltl 


BlJtDS. 


The  extant  Ntoinithci  are  ninrcaicntlr  diuinpiithod  u  lUlitx  and 
Cuiiiala:,  but  the  ilisttnrlioiu  do  not  aeeat  vtry  well  E'tniadsd, 
(Uid  to  DioBiI  of  tbcm  ihcic  ire  rxceptioni. 


Seau  Caatraiti  hOwttm  tmJirn  RttiLt  tmJ  m*Arm  Cariaatti. 


Ratitx. 


CAXmATJK. 


Running  Biidi^  with  itinRi  mDc?  or 
ln>  dcgencnue  biuI  unuMil  in 
High  I,  trllh  n  koelloi  lall-lika 
braui  bone. 


The  ikull  li  ilronuroenithoiu,  i.t., 
ili«  noDotr  U  inieipaind  betaoen 
ihe  paUiinc*.  tlir  ptcryRolda, 
■nd  lh«  fann-ipbenoliliJ  ratrum. 


TtM  nuutts  In  ibe  tknll  nnwin  for  > 
iMg  tinw  dUtiacL 

Tim  long  omi  of  the  ndjusBI  por- 
tlMu  orihruspitlaandocnwold 
lie  almoBl  in  Ibe  univ  line,  or 
form  a  tny  oUtue  angle,  uut 
the  two  bonr*  an  hied. 

The  ckiklta  arc  uuall  or  abtenl. 

The  ilium  and  uKbiiim  are  not  iin>i«l 
behind.  eice|it  in  adult  XJiea 
and  DiwH^Ki,  'lliere  U  no 
ploughihnre  Lone. 

The  fmiheri  at  the  adult  have  fm) 
tiutB.    TtietT  ii  no  oil  gland. 


Fljrina  Birdi.  with  wiogi  atmou 
oTwayi  mcll  caerebed  in  Aisbl. 
with  a  keetat  braut  bans. 

rfbe  lud  li  nidlinenni7  in  Ibe  New 
ZeaUnil  inrrot  Sfn'ivifil,  In  the 
taterminaifd  Dodo {Z>ii/w).  and 
In  itic  nlinct  Afteniii—oiit  of 
the  rails.  The  pengmi  do  na< 
(Iv  nl  all.  (be  lliuunotl,  lb* 
Hottliin.  and  Kwne  ottio  bifda, 
lljr  trrf  iJltle. 

Except  ID  the  I'innmaiu.  Ibr  tlmll  b 
never droouKignalhoiu,  (.r,.ihe 
vomct  il  not  (uuxl  witb  ibe 
nvighboorine  bonei  of  tlie  pal- 
ale,  and  Ibe  palalliwa  anieuUte 
If  ith  ihc  bati  sphenoidal  restntm. 

The  Hitutea  in  the  tkuU  almon  ■!■>/■ 
ditappMr  very  orly. 

The  Mnpohi  and  comoOMl  meet  U  a 
abarp  angle,  and  ar«  *«painto 
frt»i  one  anotba. 


The  clavicle*  are  in  rkwi  cam  very 
veil  devdowd. 

The  Itium  and  ncfainni  unite,  endoa- 
ing  a  aeiatic  forunan.  Tba  ter- 
minal eaudal  venebr*  fiue  to 
rorm  a  plougbibare  bono  Or 
nrgOMfle. 

The  barba  of  the  feaibcri  are  gener- 


allyttiuied. 


I.  Diviiion  Katit.c 


Running  Bird*  with  ralt-like  unkeelod 
Iircaffnone. 


The  African  0«ltich  (.VfM/ifV)  it,  tct>rc(ented  by  two  or  ihrec  i^iecki, 
al  home  in  lliu  jilaiiM  ami  linetti  of  A&ica,  and  notable  for  their  liae^ 
iwifmcB  of  foot,  and  beauty.  There  nrc  lint  two  toe*,  the  third  and  (b« 
fbunh.  v-iih  iiunted  naili.  There  are  no  claiidn.  The  pubM  torn 
a  icntinl  lymplij-^ih  The  cnotmuui  ute  of  rectum  aoci  «3«c>  it  a 
uniijue  eliariutcr.  The  otirleh  it  nianonmoua,  oad  at  the  bceetBng 
uaaon  llic  hen  lava  it»  tggt,  at  tniem]i  of  two  day*,  in  a  hallow 
dug  onl  iu  the  •and  by  the  male.  The  eon  are  Incuhaled  by  the  pkicMa 
altcnuLely.  the  mole  titling  during  the  n^l,  but  in  Ifae  hoitcM  icgioiv 
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tbey  are  lomciiniet  left  duilnjt  put  of  the  d>y  ^mply  covered  by  the 
wkI. 

The  Anicrimi  Okirich  (A'Ata)  in  rcpresenleit  l^  Ihiee  tpccict  in  the 
S.  Anioioui  I'lmj^b  In  the  /fita  there  are  thtvc  loei,  all  clau«il, 
and  ihc  ischw  foim  a  venira.1  lymphnU.  There  an  no  cUvklci.  Only 
here  amuos  R^ittie  it  ihcie  u  wcu-dcvelopoj  lyiini.  The  axai  arc 
Inrge.  The  mite  cxcavuca  >  thailow  ne*l  in  the  Ktoutid,  und  there, 
surrounded  hy  a  few  lovo  and  enuck  (he  iiuiiierii»k  i-^i  ure  uirually 
laid,  li  Kxinh  thut  the  tnnle  bEid  alone  halcliei  the  tfgffi.  Single  ctgra 
ore  ortcn  laid  hci*  and  (hvio  on  Ihe  pbuni,  hut  ihcie  aie  not  invulwlcil. 

The  Bmu  {Dtvuunti}  U  rejiretenled  by  two  ipccies  in  AuKiialinn 
dcMrUHiil  plaini.  The  fore  liinlj  h  greatly  reduced,  the  fei[het>  ha*v 
lone  afterthafl&  Nearly  related  are  the  Cjnowuiei  (CrtiiMz-iwi)  living 
in  ine  Auttml-Makyui  region,  ci^hl  Kpocics  in  ihc  ruLpuiui  liloniU,  one 
in  N.  E.  AtulnUia.  mil  one  in  Ceram.  They  live  in  the  fttictit  imd 
terubL  The  fuic  limh  it  Tvry  inutJI,  with  the  aliafli  of  ihe  vriii|[  featlien 
leduced  tu  4»inei ;  the  ordinary  feaihcru  having  long  aftettlial'ib  Oit 
the  top  v(  IJic  skull  there  a  »  horny  helniel,  covenng  a  cure  of  U[>ht 
tpongy  bane  ;  ihii  iirulecU  the  bent  head  a  ihe  bird  rushet  through  the 
tcnih.  There  are  ihiec  loei,  the  inner  one  with  a  long  sharp  claw— « 
{ormidablc  wca|iaa.  In  both  lhc*e  genera  Ihe  clavicle*  are  rudinentaty 
and  the  cgeca  tmall. 

The  Kiwi  iAfrtrjn)  fornui  a  very  ili«(Lnct  genu*«r  Kalllx.  tcprctcnlcd 
by  four  tpecict,  rnlricted  lo  Ke<*  Zealand.  Il  ik  nut  larger  than  a 
hen,  and  bni  iisiple  hair-like  or  hristlelike  tmtherk,  a  lung  Irill  and 
terminal  nootrils.  a  very  ludimenlaty  wing  and  no  claviclca,  and  no 
dittinct  toil  fcathei».  There  ate  laiu  clawed  toes.  The  caeca  aie  larne. 
ll  ih  a  nociutnal  hiid.  twid  and  noiKlcu  In  iti  inovcinenti,  fcvding  in 

Ereal  |nirt  on  carlhwormn.  The  egg  U  veiy  large  for  the  lite  of  the 
rrd. 

Among  Ihe  ctliiicl  forinit  ate  (he  gigantic  Mum  {/Jiitn-aii).  which 
seem  lo  have  been  ctlfrininalerl  in  New  Zealand  in  eomparaliiely 
recent  limci.  The  tore  Itmts  were  aliniMt  complclely  reduced,  the 
hln<l  leg*  were  very  large,  and  wme  roinu  altained  a  height  c4  len  fed 
oi  even  nuve. 

Aitotbct  roomily  loti  o«der  of  giant  birds  iircpieienteil  hytcnulniof 
/£/iy»rmit  found  tn  Madagucar.  Some  uf  llieie  tnrlicaie  liTrdt  ••  \ugt 
Bi  a»trichei,  Iwl  ogp  havg  bt«n  found  holding  \h  lluai  aa  much  as  llut 
of  an  oatrieh. 

Bctida  the*c  lliere  are  other  cxlincl  KMiUe  (Slncon^llm)  luch 
ox  SmiMntii,  AiWBj'j,  anil  Gailtmii. 

W'c  may  think  of  the  lOilitje.  accoiiUng  lo  W.  K.  VuVet,  as  "over- 
grown,  det;cnerjt<:  l>li<tt  that  were  once  on  the  right  read  for  becctnlr^ 
nyini;  f^wt.  Ikii  thrinij^h  grct>lliitM  anil  idtencw  nevei  rmchod  lh« 
'JPfU.'  went  Inck,  indeed,  and  loat  their  MernaJ  keel,  and  almoM  leal 
tnnt  uneiereiuMi  wlnga." 

z.  Divition  OtmstoiKAL  Kiiinet  toothed  liirdt  Tioin  N.  ,^incficaii 
Ctelaceoii*  •lima,  '^f.,  Httfirvrmh,  noiiicwhai  like  ;i  HHiintntng 
(■ukh,  wiih  (liatp  Uclh  tiink  In  a  giimne,  aith  vertcbnu  like  lho*e 
erf  iiwJun  Ui4i> 
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j.  rM4(lon  Cakinata    Flyl"!!  B'»l*  ""^  ■■  hnltil  linMl  bene. 

Th«  dcUiled  claiuAcatictn  of  Bird*  ii  dilficull.  There  ate  m  many 
that  omitholaipiti  have  not  ycl  been  able  lo  cicciphci  all  their  rrUiion' 
ihiiH,  II  ii  only  of  recent  yean  Ihiil  anatomUtt  lilic  Miixley.  lod 
enibryolci|;iti«  Itite  P»rka,  h«vc  |iUced  (lie  clMufintion  on  ■  Mcurc 
(buniliUlon. 

Yvt  ihiniyh  tbc  old  claAiRottion  of  Utds  into  imilchen  (Romotm), 
tiriclien  (InKuorei).  elimben  IScuuotct),  malchcn  (tUwim),  *till- 
wnlkLfi  (GniUatorei),  txiA  iwimmcn  (Katitorn)  uu  ioiefcilini[  and 
suggetiive.  )«i  It  in  ea>y  to  undcniAnd  that  an  afruicenieni  id  \\\h  tmrt 
may  he  mUlndinei  lince  l)i«It  or  miJrcly  dllTctTnt  •imniitf  nwy  tunvo 
iiiiiiilai  IviMlh 

lliuin  clauilied  birdt  ■ccorilinc  (u  the  tlriidute  of  Iheii  (kuUi.  tad 
lhuii|>li  thii  might  Kcm  n  onc-ridea  method  of  cluailicatjaD,  ttinoluigJ- 
neu  dcDcndi. u  Paikei  ontei.  on  the  (trikin£  f«cl  that  "the  itrunur* 
of  (he  umll  and  [nee  i;ovctn  the  whole  body,  m  It  weie ;  every  Mltcr 
pen  of  tb«  i>t{Bni«ni  cortttpondt  (o  what  U  olitcrvalile  there." 

Iluitey's  clarification,  iRghlly  altercti  by  Pnrkn,  it  a«  foltowi : — 

A.  The  vainer  bioail  liehind,  ami  intcrpoiinc  between  the  jilrryi^lcU, 

ihc  poiaiina,  anil    ihc   Iiul-»)ilicni4iJal  [Minm  :— l)koN.«o- 

The  Tinunoin. 

B.  ThevDmcrnamnr  behind;  theptcijrxmdaMidiNkliitiaesatticnIaUflg 
luqcely  oilh  the  buiiplictiaidil  raitTom. 

d.  The  inaxilln-)ialaiiiict  fice. 

I.  The  ramer  (wlnicd  In  brmf. :— SCHIBOONATKA 

The  )>1ovcrt,  gulbi  prawns,  cranes.  h>wli,  *«im) 
erouM,  piijeoia.  the  hcatiin,  the  goat  nickcn,  Ibe 
nuinming  tardi; 
3.  The  I'omer  truncated  in  front :— .CuithogkatHA 

The  iMMetinci,  milU.  uid  (he  heniipodk 
J.  Tht  viHtieilnc  lialvct  permanently  diHtiod,  and  iIm 
tuMllo-paUtinca  aimtcd :— SAtntoONATM^ 
Tha  woodpederi. 
t.  Tlie  maoina-paUlines  unil«d  i— DSUIOUKATH& 

The  liirdt  of  picjr.  parrou,  cndtoo*  and  Ungfahen, 
ituclu  and  (Rcw,  Rainir^oca,  >lotk^  aad  cuiuiiMioto. 
Wr  gltc  as  ouiliiie  of  tk«  anangcmeni  of  Ctulnat*  foupawd  lijr 
fiofewil  Owluw  :  — 
fial(iJU>K  1. 
I.  u^ion  CoJytMionuvipBQe. 

I.   Ichthyomlitbcs  i    tlie   ouincl    iHkytnti;    with    tcvlh   aad 

tiiranoave  vrnebn^ 
a.  CotjwbManBiM.  t^.,  <p*\*  and  lUlichick. 
}.  SabcabdfNme*.  t-g.,  jicnciiini. 
4.   FronllaTlifarnm, /.{.,  (itirck 
i.   l^tfina  Wki|i<HiM)q>hx<. 

ii^KDaiiMniFi.  i.e..  «iagrV*,  hnona,  oilan  pMar.  cunmmiM. 
AMariknnn,  t.g.,  ducka.  gtaai,  and  biirned  vnvarmora. 
7.  faloialbniie*,  t^g.,  htnto,  vmlluie*,  havkit,  caclca. 
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It  RIO  ADS    II. 

3.  Ij-gian  AlcRlomnrph:!^ 

S.  1'iii»niif.iiiiii:>.  linanifm. 

9.  UnllilVirmC',  t^.,  fowl.  IiIk-jIxiiiU,  dyMiMMW. 

10.  Gruifurmcs. '.^'i.  crrniiv*.  rail».  Iitulara*. 

ti.  ChanilriiCbnou,  t^.,  pliivcn.  gulb,  uuid  potue,  pigtoiu. 

4.  Ixgion  Cotuomoiphx. 

1 1.  Cueulifoimc*.  t.g.  ■  caduns,  patroU. 

tj.  Comclofomcf,  c^«  rollcn,  owU,  wtxMljicckrra, 

I4.  Paswritunnn,   <.f.,    cmw^    trinU    of    pnnuliic.    fincha. 

[hnisha,  smtlowi,  Ac.  &c..  in   hct  more  ihun  hulf  the 

known  bird*. 

GENEItAL  LIKE. 

Flight. — As  birds  are  characteristically  fl^ng  animals, 
many  of  their  peculiarities  may  be  interpreted  in  adaptation 
to  this  mode  of  motion. 

(11)  Shapt  and  General  Structun  of  tAt  Ba<fy.~The 
re-siKUince  offered  by  the  air  10  the  passage  of  a  bod>  through 
it  dependK  in  part  01)  the  iiiayiit  of  the  body,  and  the  boat- 
like  shape  of  the  bird  is  *uch  that  it  offers  rt-btively  little 
reBistaocc.  The  attachment  of  the  wing*  high  up  on  the 
ihorax.  the  high  poulion  of  such  light  organs  as  lungs  and 
air  sacs,  the  low  position  of  the  heavy  muscles  and  digestive 
organs,  the  consequently  low  centre  of  gravity,  are  also 
structural  facts  of  some  importance.  It  must  be  remem- 
bered, however,  that  the  frictional  resistance  of  the  air  is 
slight. 

{6)  T^  Mnsdes  of  FJig^.—tht  most  importnnl  is  (hat 
which  cot'crs  the  whole  of  the  breast  bone,  the  pcctoralis 
major.  It  brings  the  wing  downward,  forward,  and  back- 
ward, lEeej)inK  the  bird  up  and  carrying  it  forward.  As  it 
ha.s  most  work  to  do,  it  is  by  far  the  laigest.  Internal  to  it 
lies  a  second  muscle,  (he  p«toralis  minor,  which  raises  the 
winfi  for  the  next  stroke.  Besides  these  two  great  muscles, 
tlierc  art-  others  of  minor  importance,  the  dcltoidcs  e.itcrnus 
and  ihret:  coraco-brachials,  all  of  which  help  to  raise  the 
wing.  On  an  average  these  muscles  of  (light  weigh  about 
one-sixth  of  the  whole  bird,  but  the  proportion  is  often 
much  greater,  amounting  to  nearly  one-half  in  some  pigeons. 
Buffon  noted  that  eagles  disappeared  from  sight  in  about 
three  minutes,  and  a  common  rate  of  flight  is  about  fifty 
feel  per  second. 
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(^)  The  .s-f^A/rtw.—The  riftdliy  of  the  gieaier  iian  of  ihe 
lini'kl)[>Mi-,  due  lo  fusion  of  vertebrae,  is  of  itdvanta{;e  in 
alTDrcliit^.i  linn  fulcrum  fur  lli<.- wing  Ktiokcs.  while  (he  .irched 
clavicles  (mLclin);  in  an  inliTclavicIc  and  oftci)  fused  in  front 
to  ihc  Blcrnum)  and  the  strong  coracoids  (wliich  ariicuUtC 
with  iho  sternum)  arc  sdziptcd  (o  resist  the  inward  pressure 
of  the  down  stroke.  As  the  keel  of  the  breast  bone  serves 
in  part  fur  the  insertion  uf  the  two  chief  muscles,  its  size 
heart    sonic    |ir»|ior- 

lion  to  the  strength  ""     '■  -  ■■ 

of  flight.  It  is  absent 
in  the  running  birds, 
such  as  the  ostriches, 
and  has  dcgcnetated 
in  the  Ntw  /e:iland 
parrot  {Slri't^t'ps), 
which  has  r«i»cd  to 
fiy  and  taken  to  bur- 
rowing. 

(rf)  Air  Saa  and  f,. 
Air  Spaat.  —  The 
lungs  of  birds  open 
into  a  number  of  air 
sacs,  which  have  a 
larger  cubic  content 
than  the  lungs,  and 
in  many  cases  these 
air  Kics  are  continued 
in  developmeiu  into 
air  sp.ic«s  within  the 
bones  and  even  under 
the  skin.  l'"rom  a 
broken  bone  it  is 
postioie  10 mnaie me  |^|,„  if,y_  ,/_  ei,.i*k;  iw.  w«toU;   «., 

air  -HaCS,  and  through   kcpftulA;  «/,.  iknoM  c«¥ity  for  bead  dT  buDHni*; 

a  broken  bone  a  '  •  "™'^'""  """^ 
bird  with  choked  windpipe  may  for  a  time  breathe.  The  whole 
system  of  air-containing  cavities  is  continuous,  except  in  the 
case  of  the  skull  bones,  whose  spaces  receive  air  from  the  nasal 
and  Eustachian  lubcs.  In  view  of  these  facts,  it  used  to  lie 
sttfj/iased  that  a  bird  with  heated  air  in  the  sacs  and  spaces 


Fic  saa— Peotcnil  eirdic  and  ucniuni 
«J8wiui. 
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was  compArnlile  to  a  tialloon.  But  this  is  bll.idous.  The 
air  mijsi  indeed  lessen  the  specific  gravity  of  the  bird,  l>ut  b 
few  mouthfuls  or  food  arc  sufficient  to  counteract  the 
lightening.  Moreover,  in  many  small  birds  which  are  good 
flyers  all  ihc  large  hones,  or  all  except  the  humerus,  contain 
marrow,  and  iirc  iherefoie  not  "  |)neumalic,"  and  tlie  honi- 
bill,  which  i.s  hut  a  ]H>or  llyer,  is  one  of  (he  most  [ineumatic 
of  birds.  It  is  likely  thai  the  chief  importance  of  the  air 
sacs  and  air  spaces  is  in  connection  with  respiration  and 
with  Ihc  regulation  of  the  body  lempL-raturc.  It  is  certain 
that  in  ordinary  flight  the  lightest  of  birtls  has  to  keep 


Fio.  m.— P<Mition  nf  winK«  In  Plficim  at  maxiinuni 
clcvnlioii.    [fioiii  Markv.] 

itself  from  falling  by  constant  clfort.  The  bird  is  not  com- 
parable to  a  balloon,  but  to  a  flying  machine  ;  "  it  has  to  be 
not  a  buoyant  cork,  bui  a  buoyant  bullet." 

Thcrt  it  110  molion  mote  manieUinis  or  mote  bcnulifiil  Ihan  llio  flight 
of  a  trinl.  [(  ii  htrmonioui  with  ihc  Innl't  true  nUurc.  For  lh«rc  is 
nioic  ihiui  poetic  iiui|[hl  in  Riuhin't  (tcKripilon: — "Tho  liinl  iaUtIk 
more  than  a  liiif)  <A  itic  flit  brought  into  form  by  plumn:  the  alt  is  In 
all  itaquillt,  il  lirtathct  through  Us  whole  frame  anil  flcih,  uvl^am 
with  sir  in  ita  flying :  like  a  blown  flame  it  rsU  Ufon  (M  w(,  v^Aaa* 
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it,  luipuBci  it,  oolnoes  h  t  it  the  lii,  OMuekiiit  of  iudt  CMN)«tflP|; 
iUelf.  ruling  iUelf." 

Kutkin  hn>  i-oRijJtitol  ihclUeht  iJa  biitl  W Ibc mtlinc of  ■  bou.     "!■ 
a  tiroi.  ihr  Kit  xIriLo  Ihr  -^1;  in  a  hint,  Ihv  nil  strftra  Iht  >ii|  in  ■ 


^>:*^\^-,irJ^iM^ 


Fiti.  333.  ^Wings  coining  down.    IFicm  Uaukt.) 

tMMt,  th«  li»Me  H  Utcnd.  uid  in  •  t«id  dovnwMdt;  ood  it  has  iu  tail 
on  both  fiAt*."  Bui,  a*  he  vtyt,  the  Mil  of  ■  boat  scno  onlv  to  canf 
It  onwanU,  whik  wiap  have  noi  only  lo  wait  Ibc  bird  oowanU.  Ixu  to 


FlG>  333. — Wings  complclcl]'  dtpiuawl.     (From  Makkt.) 

Im«P  il  an  To  atrj  the  w«ishl  of  the  bird  the  win(^  lUikc  rerticaUjr, 
to  carry  IM  tanl  uowai d»  ihcy  Mnke  oUlqiKtv  ;  toBdiSKS  the  direclioi 
of  the  Mrofce  b  own  vatical,  and  Umm  ifcc  Uid  nauna  upwudt ; 
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vometinic*  it  ii  more  obtiiiue.  and  then  the  biril  ipeedi  onwudi ;  usuo,tly 
both  directions  aiccombincil.  ThenionKorihewineftfta  otchilrokc 
Tcqiiirvt  iclntivr!}  liiile  ctToil.  the  leuilanoe  la  be  overcome  beiiie  very 
ttiicht.  In  ticrtui);.  ihi-  (cuhen  of  the  lail  oficn  Imi  to  the  wiiig»& 
leliukin  eoiiiiinniblc  lo  th*l  tietwrm  niildei  and  tall. 

JVtdn  0//ighi.~Ttim  ait  Ihro*  chief  inixlet  of  flight : — 

(t)  By  gti'ling  or  ikimming,  <turin|;  which  the  ^nril  hu  iU  wings 
spread,  but  doci  noi  flap  Ihcm.  depending  for  iia  movement  on  the 
velodlf  Bccjuiied  \i>i  ynmaai  xrokcs,  by  descending  from  a  higher  to  b 
lower  lei'el.  or  \rf  (he  u-inil.  Thii  may  be  rCAdllf  MaeiTed  in  j^II  and 
hcion,  in  a  tn|;eon  clidmi;  frrjm  it*  loft  to  the  eiound,  or  in  a  fideon 
iwcMijiini;  upon  iU  ■^lurr)'. 

(1)  Ky  active  iirukei  of  the  win|p,  in  which  the  wing)  move  down- 
waKi  and  Ibrward,  backward  and  upM'anl,  in  a  complex  curve.  This  is 
afcaurH  the  eotnmonoi  mode  of  flight.  It  has  been  carefully  iiudied 
and  photographed  by  Mnrey  in  the  gull  and  pigeoo. 

(3)  By  uiline  or  tnoling  with  niotionleu  Ipfoad  vmf,%,  in  which  the 
bird  does  not  nccoMrilv  loie  in  velocity  or  In  vertical  piitllion  ai  ii  the 
caw  In  elnhnj;.  Il  i*  lllutlraicd  liv  iiuch  bitdg  u  crow,  falcon,  itork. 
And  alliairw.  and  hiu  been  obaerved  only  when  then  wu  yidJ.  It  is 
itill  impe^eelly  understood,  but  there  seems  most  to  be  laid  in  litvokir  of 
the  theory  that  il  depend*  on  the  varying  velocity  of  the  wind  at  diffcicnt 
heighti. 

The  Song  of  Birds. — Singing  is  a  natural  expression  of 
emotional  inlensilj'.  The  song  rises  in  the  bird,  Richard 
Jcfieries  said,  as  naturally  as  the  sap  in  the  botigh.  It  is 
richest  at  the  climax  of  emotion  in  the  brecdini;  season,  and 
is  always  best  and  often  solely  developed  in  the  malex.  But 
song  in  any  excellence  is  the  gift  of  comparatively  few  birds, 
though  neatly  all  have  a  voice  of  K)me  sort,  often  so 
chatnctcrisiic  that  the  spcciex  may  be  recogni.sed  by  its  call 
alone.  The  twittering  of  swallows,  the  cawing  of  rooks,  the 
melancholy  voice  of  the  scatncw,  the  lapwing's  prayerful 
cry,  the  weird  call  of  the  curlew,  arc  familiar  to  most  of  tis, 
A  few  birds,  notably  the  parrot  and  the  jackdaw,  can  be 
taught  to  pronounce  articulate  words:  but  the  power  of 
imitation  is  widespread  among  birds,  the  ca.<te  of  the  canar)- 
leaming  the  song  of  the  nightingale  being  a  well  known 
instance.  This  power  of  imitation  has  some  importance  in 
relation  to  the  general  theory  of  instinct,  for  the  song  of  all 
birds  is  probably  in  great  part  imitative,  though  to  a  certain 
extent  the  musical  talent  Is  really  inherited.  Young  birds 
taken  away  from  their  nesls  when  very  )'oung,  so  that  tliey 
have  hardly  iieard  the  voices  of  their  kind,  will  lAn^  ^!cv& 
chaiactciisttc  song  of  the  species,  bvA  <\o  so  'wr^cAsk&j. 
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Ntany  birds,  apart  from  those  who  have  been  educated, 
have  "words,"  e>:|ircH«iiig  pleasure,  pain,  sense  of  (tniiger, 
presence  of  food,  and  the  hke.  litit  there  is  a  difTcrcnce 
octween  this  power  of  ultcnince  and  the  possession  of 
language,  which  implies  (he  expression  of  a  judgment,  /^., 
food  is  good. 

The  vocat  organ  of  Birds  is  not  situated  i»  the  )ar>'nx  as  it 
is  in  Maiuruals,  but  in  the  syrinx — 4  soug  box  at  the  t>ase  of 
the  windpt|)C.  In  this  !>yririx  there  are  vocal  mcmlitanes  or 
folds  of  skin ;  their  vibration  as  the  air  juNseK  over  them 
Oitises  sound ;  the  note  v.iries  with  the  muscular  tension  of 
the  folds,  with  the  muscular  state  of  the  complex  associated 
pans,  and  with  the  column  of  air  in  the  windpipe 

CiMr/Mj^— Birds  ususlljr  pair  in  the  qiriD£ltitM,  but  there  an  many 
euxplioni.  Some,  ntch  a*  cagla,  live  alone  ciuept  at  the  paitioc 
time  i  olhcn,  iKriably  ihc  (lore*,  always  live  ia|reihet  in  \i^a ;  mnf , 
iuch  lu  rookt,  pEtrroli,  and  ennoi,  aic  hoeuttilo  gitnritnti  bitila.  A 
(tw,  like  the  (unit,  arc  {xilyganinua ;  ihc  cuckoo  is  potyanilrouih 

Id  nicst  cairn,  bowei-er,  hinii  |iaii,  and  the  mate*  are  ItiM  lo  one 
another  fur  a  husmi.  The  [nifing  ii  ofien  preceded  by  a  coumhip  in 
which  the  more  deoonlin.  more  rocal  main  win  their  deiiicd  mate*, 
bcina-  aecarding  to  Dacwin.  choaen  liy  them.  Uatwin  ailiiliuled  (be 
captlralinK  chaiacicrUTJct  of  (he  miiln-.  well  (cea  in  pcMoch)>  ainl  liinU 
of  iwrsdbe,  or  u  rq;ard(  mutimi  |kivi(-i»  in  mxbX  oj  oui  own  Biidah 
•on^Ien,  to  ihc  tcoiHl  arlrcl  i'ni  ocicitol  tiy  the  femaln  i  (m  if  the 
XBOtt  docontiiv'  or  the  more  nicl^t»>us  nuln  always  gut  the  )irc4Fi«Dce 
in  courlshiji,  (lie  lualjiin  which  contHbutiil  to  thcu  lucccu  wouM  tend 
to  prcdamuiale  In  the  ran;.  He  Iwlicvcd,  moreover,  that  chainctcriiuca 
of  mole  ptt[cn(i  were  entailed  on  male  ptfrptrog.  WalWe  ref^rtleil  the 
diflefcncea  between  malci  and  feiiinJta  io  annlher  way.  ar|^i!n|;  thu 
In  the  connr  of  natural  tck-ction  the  more  (jont|jicuuii»  fcinalM  bMl 
boot  rlimiruli'il,  liriglilniM  Wlfii;  •li>autvan(af;Mni»  durui)-  inrutalioD. 
It  liccniv  iiki'ly  (-noii|;h  that  U-l)i  I'liiii-lntiunt  an  lo  tome  ra(cnl  tnw. 
while  there  it  murh  to  be  <aid  in  faiimr  of  a  dccjier  cxplanalion,  to 
wliich  Wallace  incline),  that  the  tecondnry  diHi-nrnces  hefoecn  the  sexes 
are  lutunl  and  neceuaiy  expnuon*  of  ihe  fundamental  conniiuiioaal 
difleiaice*  iiivolve<l  in  mideiiDa  and  fcmnlencu. 

Nttti. — AHei  juirini;.  the  work  of  not-liiilliling  U  Ik^ii.  AlcnuM 
all  liiriU  biidil  nnti ;  thE  uelt-kntiwn  hutiit  ik  a  chun>clcii<li>.-  ci{wewiiuQ 
</  (hei»  iiaicnial  tare.  Oilier  !Te»tiiri»,  inilrnl,  such  »k  stick IcliBclta 
aniong  riiihvs,  and  b|uiii<'li  nnxiiig  MsiniDBla,  b<Bi<le«  nuBinMis 
Inwct^  biiitd  imlt^  IjuI  the  liatiil  it  moil  |ieKccOy  deirlopcd  atMona- 
Ujrds.  At  i)  well  known,  each  ^)tci«s  baa  iti  own  peculiar  tlvle  qT 
ncit,  and  liuil'li  it  of  special  nuIcnaK  Goirrally  ihe  neit  ia  tolilflfy, 
hidden  in  wme  privnte  nook.  The  perfection  of^atl  which  U  nachmi 
by  some  birdi  in  the  making  of  Iheii  peiti  it  manclloui ;  they  utc  their 
bilU  and  iheii  feet,  and  imoolh  the  inaidi;  by  cwikting  round  and  loiwd. 
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UKinUy  Ihe  b«a  dMi  noM  of  thtr  woik,  but  ber  male  lomclirnct  hdpi, 
tnth  in  builiUnB  the  neil  nod  in  hatching  Jhc  yotine. 

The  ncii  ii  a  cnuHc  lalher  than  ■  hoiuc,  {at  it*  «iie(  une  k  to  tccure 
nn  j|>ii[(atniaicly  conMaot  waimlh  fot  ihc  ]n)un[>  which  arc  bofng 
foniicil  within  the  eQt*.  "wl  lo  affiwd  prolcctinn  (or  Ihc  hvli>tt>a 
llrilKhtiKv  At  the  Mrar  lime,  the  nest  mcuim  the  comfort  of  ibe 
foiL'iit  liini  iluriiif;  the  d^yi  and  nighl«  of  fatoodtng. 

Thr  vnrivlv  of  nnlt  mar  be  iHustraied  by  meotioninE  the  buircmred 
nesis  of  und'inaniiu  and  kittEnihcn,  the  fround-nalt  of  enme-lilidi 
Knd  eiilli,  the  niud-nnl«  of  noiuc-iwotlaw  and  flnnttnco,  the  holM 
which  the  wixxlpcckci  CurhlonB  In  the  liec  iiiem,  Ihc  plxformt  tnillt  by 
■love*  and  eifle*,  itntks  and  cruin,  ihe  laxkel-RMtt  of  muu  uiif-inj;- 
Mid*,  the  Mruclurot  delicately  vrovcn  hy  Ihc  eoMRnch,  bullfinch,  ftnd 
humminc-lnidt,  the  Mmwd  dcbI  of  the  lojlur-biid,  the  rnony  netti  of  the 
wren*.  Ihc  ediUc  nest  of  the  Cflleealia,  irhich  ii  chiefly  compoied  of 
mucin  lecreln)  br  the  a3ivnry  gluKlt. 

Tit  Eggi  cf  itiids. — When  ihc  ncil  ii  liniiliedi  the  egnoic  leiul^  to 
lie  Uid.  Afici  they  ate  laid,  Ihc  luiiencc  of  broodinj:  De|;lni.  With 
the  ipeat  caie  Ihal  Bltils  lake  of  ihcir  youni;  we  may  UKiriiUe  the 
compamiively  tmall  numlwi  iif  the  edn;  liut  it  \%  mocc  acrurale  to 
Tccognige  Ihal,  a>  ).nimnl»  become  nioie  nif;hly  evulreii,  the  numbtr  of 
offtprinR  dccreaict.  Vcl  it  muti  lie  lemcnibcred  that  inductioni  of  thin 
kind  are  only  generally  true.  Ira  tubtiiliary  cnnditioiu  often  brine  aboni 
thoppatenlconinuliclionof  a  cencfal  ttuth.  Thut  we  ate  not  luuifinl 
in  nyin^  that  Ibe  Afftryi,  which  Uy»  one  csg,  is  n  more  highly  diflinwi- 
lialed  bird  ihan  the  oilrich,  which  layi  many. 

The  UK  of  the  cgK  (uually  bears  some  relation  tu  the  uxe  of  the  Hid. 
Of  EurDjxan  Urdh  ihe  mnuuhave  Ihc  huBcU  eggi,  theBolden-ctcited 
wicn  Ihc  bmalteM.  Il  is  said  that  ihc  egx  of  the  eitinci  Mm  Mioeilmes 
meaAureil  nine  incha  in  broullli  and  twelve  inchei  in  Ica^h :  white 
that  of  the  eilinct  .Efye'His  held  ovci  two  (ralloni,  tome  va  timet  as 
much  aa  an  an  otirlch  i>  cue-  "'  ■  hundred  uiil  fifty  (imea  a*  niiich  as 
II  fowl's.  Vet  ihe  site  of  the  qK  la  only  generally  prarattiorul  u,  ihal 
of  the  bini ;  for  while  the  cuckAu  it  iniich  lorter  than  tile  laik,  Ihc  eggs 
of  Ihe  iwo  are  about  Ihc  tame  sue  ;  nnd  while  the  guillemot  and  the 
ro'en  aic  alnuxit  of  equal  Mic,  ihc  cmt  of  the  former  are  in  vohiine 
aboul  len  liala  loigct  than  (base  oflhc  latter.  The  esgi  of  blida, 
vho(e  young  are  rapidlr  batched  and  won  Icare  the  ne*t  arc  laige, 
ProfuaMii  Newton  remarka  that  "  the  number  of  eggi  lo  br  covered  at 
one  time  tctmi  alw  lo  hare  aome  rtluion  to  Ihcir  we,"  while  friim  what 
one  nulice^  in  the  poulliy  yard,  and  from  a  oomparlMiii  if  Ihc  haUtt  tit 
different  birds,  it  teem*  probable  Ihal  a  highly  luiliilivc,  tluggiih  bird, 
will  hare  larger  eggs  than  a  Mnl  of  mure  active  hjibit  and  sponer  iHct. 

The  (hell  of  the  egg  ii  often  very  beoutifully  coloured^;  t)lcre  h  a 
predominant  tint  upon  which  are  ipou,  urcaiii,  and  liloichei  of  varied 
colour  and  dlMxidtioD,  u>  itial  the  eg};  i>  olmovl  aluayi  chaioci eristic  of 
Ihe  tpccict.  The  ciloutliig  mattri  cnnutii  of  jiicnicntt  rclatcil  (o  ihoae 
of  Ibu  blood  and  ihc  Irile,  and  it  dc|H>iiieil  uliile  the  thcll  in  being 
formed  in  ihe  lo««r  port  of  ihc  rrtiiluri,  Aa  the  (gss  may  move  btfore 
the  pigment!  arc  liicd,  btotchingt  and  markings  oaluially  nnlt.  But 
Ihe  moil  inlerciling  &ct  in  regMd  lo  the  colouring  of  Ihe  egg  abella,  ia 
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tiM  tbe  tinto  ue  eA^  proiectiveljr  iMinMnioat  wjlli  llwat  of  ttia 
MmnndiBjp.  IIiik  «n  laid  bIbimi  an  Uw  f^amA  ««  oAn  farowtiiili 
like  the  (oU,  (hoae  hid  In  roekf  |ilac««  by  tbc  m*  often  look  vtrjr  )&c 
Motw*,  while  coiMpiciHNU  «*  wc  OMaJly  land  in  covered  oeMs. 

TIm  tuu  of  Ibr  nnrly  Gtehod  TMng  u  very  wwu  Sowe  nic 
iMin  adwd,  bimil,  and  belpleas,  anil  bur  to  be  cuifalljr  fed  bjr  thctt 
pwcnu  «nl)l  Uiejr  ue  fiilly  Hedged.  This  ii  tree  of  Ihe  Ihnuk  utd  e^ 
namr  olbct  MHig-taids-  Olhen  utr  bora  eoretcd  laiih  don  bat  Mill 
balpcM ;  wUle  >  few,  like  ihe  vhkki,  m  alilc  (o  rua  aboal  Md  IM 
■bcmMlve*  >  few  tninuta  alter  ihey  lc**«  Ihe  rgg.  Tbcne  wfaicb 
reiinite  lo  be  Tod  uid  leoodnl  over  uc  loacAnne*  railed  Altrioei  or 
lamtmoitt,  «1iUc  thoae  which  are  ai  once  active  and  abk  to  fced  them- 
•dm  are  odltd  Pnacons  oi  AutofibwK. 

JUmAA^.— Every  fear  Innb  lose  their  oM  fcuhcta.  TUi  ownltlMg 
l^ncnlly  laka  pUfc  ifin  ihc  fui|^c  of  the  fancdlng  iwaon.  Iwl  in  the 
ewe  cj  (he  iwkll<ii>x  and  thir  diuinil  bird*  of  prey  and  tome  allien  Ihe 
moull  » ill  inul-winlcr.  The  proem  ii  comparable  to  the  nflwg  of 
acak*  in  Reptiles,  anil  lo  Ibc  ibcdding  of  bair  in  UaMmak,  FeUbets 
are  «a  tuity  inmred  (hot  [he  adinnuigc  of  ihc  ■nnuil  renewal  n 
crtdcnl,  Dpccslly  when  it  laket  place  juM  before  the  time  >l  whid)  it 
may  be  neecoaij  to  »et  fotth  on  a  long  miipBtory  fli([hL 

In  monlUnK,  the  lealhcn  bll  ooi  and  an  nptKcd  eradmlly,  tau 
aemetinci  Ihey  are  >hed  lo  rapidly  that  the  herd  U  led  vety  bate, 
thot  nwolling  duck*  arc  unable  lo  iy.  Tfaetc  ate  many  bitdi  that 
dmmII,  more  m  1c»  completely,  more  than  o«ee  a  ycu ;  (but  ihe 
nrdcn  wirblct  ihedx  iu  fcatben  iwioe.  The  oulo  of  niaay  bi^t 
Einb  Kiniine  «|«cia1  deooiationt  after  a  partial  moult  whkn  oocun 
befare    Ihe    lime  of   pairing.     MoU   rematkmble  it   the   caae   of  tbe 

Eannignn,  which  changM  ilt  dnM  three  tintn  in  the  year  \  after  tbe 
ccdinji  xaion  It  av«  Ihe  plumaet  brcomn  grey  i  ai  the  winlef  >eU 
in  it  pon  while,  and  tuitnt  to  the  nitTonniling  Hlow  t  m  the  spring, 
the  ttaton  of  courtship,  the  wedding  robs  nte  put  on. 

Ditl, — The  boA  of  bird*  varia  greatlv,  not  only  in  dllBacnt  kind*, 
bal  alao  al  dlllercnt  teuons.  Many  arc  hetbivaraoL  rcedlof  on  tlie  «o(l 
p«en  pans  of  iiUnta.  and  In  Ihete  Uidi  the  lalculoe  b  toog.  Some 
o(in£ne  ihcnuc'vtrK  id  ijfain.  and  thcw  have  lai^'  crop*  and  Urong 
pindint;  ginardi.  while  Ihino  which  comlriae  oeieol*  and  iniecli  have 
in  mfxi  ciua  no  oop.  A  few  «p  honey,  and  nay  cren  help  in  ihe 
cicu-reniUutian  offltiwen  ]  those  thai  fro]  on  fruits  play  an  important 
IMtl  in  lh?  ilisMTminatloii  of  Kodt ;  Ihoac  Ihac  devour  inxecia  are  of 
Btcai  trnirr  to  miin.  In  fruii-aUini;  and  inxclivorou*  binU  ibe  crop 
It  n»ial1y  mi.-ill,  xnA  the  u;licard  only  Hli|[htly  museidu.  But  many 
binb  fnd  on  wormt,  molMK).  fiibea,  and  mutlj  mammal*;  in  these 
Ihc  glandular  pari  of  ihe  ilomadi  it  more  developed  than  the  miucular 
parL  It  hu  been  (hown  thai  ihe  naiure  ufihe  Moniach  in  the  Khctlanil 
gull  chanen  IwJcc  a  year,  ai  ihe  bird  fhonga  B  lummcr  diet  of  gr«ia 
and  RKiUioi  a  winter  diet  of  Alb,  and  I'iit  vnta.  In  ihecaacofcaiiaoca, 
boilfineheB,  patrols  etc:,  it  hai  been  noted  that  Ihe  food  InfluenoCB 
the  colouring  of  Ihc  pluniaue. 

AfifratiM  ^  BiitU.  —  Mlgrntiun  lemaint  in  no  small  degree  a 
■oologlcal  inyatery.    On  certain  poiuU  we  need  mote  fucu,  and  even 
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wtuK  fieuua  iboidl&l  wc  \nx  Itnprtfrclly  unrlnnlnnil  Ihem.  \jA.  \» 
Aim  (IMe«omp«f  ihaouliUnding  bds. 

(1)  McHl  birili  ^Kaa  la  be  morp  or  Ifu  migratory,  but  Ihe  nnge 
A\iirn  grcaily.  It  u  uid  ihal  the  doiicrel  may  lup  on  (he  NorUi 
African  ileppc  and  brtakfatt  ncil  morning  on  Ihc  Arctic  lundra,  and 
Bllhough  the  nll^cd  rale  may  not  he  dcniontl table,  lliciv  I*  no  doubt 
(hai  a  ilitiance  of  alioul  aooo  miln  U  invcnm]  liy  this  iHrtl  and  by 
manv  othcn.  Indeed,  flighti  uf  7-10^000  mile*  are  laid  to  occur. 
In  [he  Ttopiu.  on  Ihp  other  hand,  ihe  migration  may  ittnply  be  front 
wlley  to  hiUiidc. 

(3)  ObteiTen  In  icmpcmic  counliict  Ions  ajro  noticed  thai  the  hinli 
they  uw  miehl  be  eroupcil  In  tefcience  to  ihcii  tnlnallnnt.  Thu>  (a\ 
lome  aiilveTn  upring  from  the  Soiiih,  tcninln  i»  breed,  and  Icaiv  foi  (he 
South  in  autumn,  e^„  twiillow  anil  cuckou  in  Bril»n  :  (A)  uimc  nrrive 
in  autumn  chiedy  from  the  North,  day  IhioUEhout  the  winlet,  und  Ry 
northward*  again  in  spring,  (.g.,  the  lieidbrp  and  ibe  redwing  in 
Britain ;  |r|  tome — the  "  lliidi  of  Pasnge  " — are  seen  only  fbi  a  ihorl 
time  twice  a  year  on  thcii  way  lo  <«1d<r  01  wttrmet  «iuntti«  in  spring 
or  tulninn.  t.g.,  undpipcit :  and  (lO  aome  acem  to  deoeivc  (lie  name  ol 
"toudenis"  but  really  uhiblt  a  |xitiia1  ml|>rationi  aueh  •*  the  aone- 
(hruah  and  redbreatt  in  Ktilain.  In  iipring  the  tide  a  on  Ihe  wlioTe 
noithwardf.  in  autumn  loaihwnrdx.  but  the  path*  are  G^cat  cutv«.  and 
oulerly  and  wcT^ictly  n-nTea  pas;  from  one  oouniiy  lo  anoihei.  The 
muiranti  alwny>.  Inccd  !n  the  colder  coimltie*  Inclurietl  In  iheir  ranijir. 

(J)  Their  i«  Mril^ing  iq{uUrity  iii  Ihe  advent  »nd  drimiiirr  r.(  many 
of  Ihr  micmntt.  In  tpitc  of  the  immense  diMancn  whrrb  many  oF  aur 
immigtantt  travel,  and  in  iplte  of  unpropilioui  weather,  Ihey  are  often 
punctual  within  a  day  or  two  to  their  nvclngc  time  of  anival  for  many 
j>Gan.  Similarly  tome  tiirdi,  »uch  as  the  swifti.  axe  hardly  la*  pieciic 
m  leaving  our  ihoccn. 

(4I  It  »  licyond  alt  doubl  (hat  many  Individual  lards  lind  Ihcic  way 
back  lo  the  wmc  ilittrict.  even  to  the  nme  tpnl,  where  (bey  had  made 
their  tasA  in  ixeviou*  yean.  Not  lt»  maivelloua  [« the  tecurity  with 
which  The  flight  from  counliy  to  country  ia  continued  in  daikncM.  at 
great  heighii.  and  ovei  the  IracklesB  lea.  At  the  ume  lime  it  must  be 
noticed  iliat  the  motiality  duiinB  migration  is  very  grcaL 

Knvinj:  ktatcidafew  of  iheoulilandinK  facts,  let  ua  note  aomc  of  the 
intcrprcLaiionft  and  rnKKMiana  which  help  as  to  undcrMand  Ihem. 

The  impulM  to  mignts  la  Instinctive  i  ll  i*  exhibited  by  wcli'frd 
caged  birds  :  niigraling  ia  an  inherited  halut.  Utit  it  it  likely  Ihal  there 
are  alii-ays  immMiale  causea  which  prompt  Ihe  lialril.  nich  ai  scarcilyof 
food,  and  to  a  leu  dcKiee.  incrciuing  cold  in  the  case  of  many  birdi 
which  laive  ut  in  autumn.  It  ii  more  dilKcuIt  lo  iccogniw  the  immed- 
iate cauaca  prompting  Iheir  return. 

It  M«flM  likely  that  the  origin  nf  the  mlgialliig  hnbit  u  wiap|icil  up 
with  the  hialor^  ufclimatet.  and  we  can  unr^ratand  ho«  the  tetting  in 
of  glacial  oundilions  from  the  north  would  gradually  force  birds,  century 
by  century,  to  a  lonect  flight  soulhwardi.  And  if  the  cliiMlic  condi- 
tions limit  the  area  of  ufc  and  eomfbrlable  breeding  lo  one  aounlry  (the 
more  northerly),  anil  the  poHibillly  of  food  during  winter  lo  another 
country  (the  more  southerly),  we  can  nnden.tani),  wllb  Wallace,  "  that 
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Biroi  hsve  imny  iuikuiisI  MHiitio  wni  Reptila,  iocm  of 
ihe  ■ndeot  Dmontm  prcacnt  appnmwatioat  to  Bird*,  the 
cttind  fijring  Pl0D(ba)1»  show  tlMt  it  was  poaafalc  for  flight 
to  be  drwIopeJ  anong  RcptilM,  the  oldest  bird— ^mlav- 
/<r7X — b  in  many  ways  a  coonectiiig  link  between  ibe  two 
duKS,  and  the  developneM  of  •otne  Birds  rmali  tuuty 
renuHcable  raembbnee*  with  that  of  Reptiks,— tbentiR^ 
vilh  the  atreogtb  of  the  gcncnd  vgument  for  erahitioii  to 
corrolwnte  as,  we  conclude  that  Birds  evotvcd  from  a 
Reptile  itock. 

^icalting  of  his  work  on  ibe  developmcmt  of  the  fowl, 
W.  k.  I^ricer  wrote  in  t86S:— "Whibt  at  work  J  wenMd 
to  mjrseir  lo  have  Itoen  eixlcat'ourir^  to  decipher  a 
^timfatt,  and  one  not  eiased  and  wnttrn  upon  again  just 
once,  but  live  or  itx  tinwa  o\-cr.     Having  erased,  as  it  wcnr. 
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the  characters  of  the  culminating  type — those  of  the  gaudy 
Indian  bird— I  seemed  to  be  amongst  the  sombre  Grouse; 
and  then,  towards  incubation,  the  characters  of  the  Ssnd- 
(^ouse  and  Hciniiiod  xlood  out  liitfort-  mc  Ruhbing  these 
away,  in  my  downward  work  the  form  of  the  Tinamoii 
looked  me  in  the  face;  then  the  aberrant  Ostrich  seemed 
to  be  described  in  large  archaic  characters  ;  a  little  while, 
and  lhf5e  faded  into  what  could  jusi  be  read  off  as  pertain- 
inn  to  the  Sea  Turtle ;  whiUl  underlying  the  whole,  the  Fisli, 
in  its  simplest  Myxinoid  form,  could  be  traced  in  morpho- 
logical  hieroglypliicv." 

More  than  twenty  years  later,  the  same  accomplished 
Cinbr)-ologist  described  ihc  (Jevclopmcnl  of  the  "Reptilian 
Bird" — OfisfhtKiimm  erisiafui.  In  this  form  the  unhatchcd 
chick  has  a  paw-like  hand,  three  clawed  fingers  and  a  rudi- 
ment of  a  fourth,  a  wrist  of  numerous  carpal  elements^  and 
many  other  features  suggestive  of  reptilian  descent.  It  is 
not  surprising,  then,. that  to  Parker,  a  bird  seemed  u  "a 
transfomicd  and.  one  might  even  say,  a  glorified  Reptile." 

It  is  likely  that  Birds  arose  from  the  Dinosaurian  stock, 
but  by  what  steps  and  under  what  impulses  we  do  not  know. 
To  one  it  is  mough  to  say  that  the  evolution  was  accoin- 

filished  gradually  in  the  course  of  natural  selection  bv  the 
ostering  of  fit  variations  and  tho  elimination  «f  tlie  nisad- 
rantageous  \  to  another  it  seems  that  Ihc  incipient  birds 
were  "frvtrtd  representatives  of  rcpliits.  progressing  in  the 
direction  of  greater  and  grcDtcr  constitutional  activity;" 
but  both  these  suggestions  leave  much  in  the  dark,  leave  us 
still  to  "wonder  how  the  slow,  cold-blooded,  scaly  beast 
e\-er  hecanie  tiansfortued  into  the  <juick,  hot- blooded, 
fcatbered  bird,  tlie  joy  of  creation." 
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As  Birds  nnd  M.immals  have  evolved  along  very  diflferent 
lines,  Birds  possessing  ihe  air  and  Mammals  the  earth,  it  ii 
difiiculi  to  say  thai  cilhcr  class  is  ihc  higher.  Bui  apaii 
from  (he  fact,  which  prejudices  us,  that  man  himseir  is 
zoologically  tnduded  among  M.inimaiit,  this  doss  h  superior 
to  Dirds  in  two  ways-  in  hrain  dcvelupini^nt  and  in  the 
relation  between  mother  and  ofTspring.  In  most  Mammals 
there  is  a  prolonged  organic  connection  between  the  mother 
and  the  unborn  young,  and  perhaps  Robert  Chambers  was 
right  in  suggesting  that  this  prolonged  gestation  was  one  of 
ihe  conditions  of  progress,  connected,  it  may  be,  with  the 
development  of  large  brains.  Moreover,  it  is  characteristic 
of  Mammals  that  the  young  arc  nourished  after  birth  by 
their  mother's  milk,  and  it  has  been  suggested  that  the 
prolonged  infancy  of  young  Mammals  was  one  of  the  factore 
in  the  evolution  of  gentleness.  It  is  certain  at  least  that 
the  catcfulnes-t  and  sacrifice  of  (he  motliers  has  been  a 
condition  of  the  survival  and  success  of  MainniaU,  and  of 
Birds  also.  We  may  find  in  the  temi  Mammalia,  which 
Linn.'cus  first  applied  to  the  class,  a  hint  of  the  idea  that  in 
the  evolution  of  these  forms  of  life,  the  mothers  led  the 
way. 

Central  Survey  of  Mammalt. 

There  arc  three  grades  of  Mammalian  development : — 
(A.)  The  duckmolc  {^Ornitkorhynthm')  and  the  spiny  ant- 

'  In  ihc  syttcinalic  pari  of  Ihii  chnplcr  I  hi»>e  \ttxa  opMially  in- 
dcl>lcd  to  (he  "  /atro/mlimi  It  iki  Slmly  of  AtamiHa/i"  by  Sb  W.  H. 
tlower  anil  Mr.  t.y<lrkkcr.~(I'i'"<l'>  >S9I.| 
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eatera  {E<&id»a  and  PrverAuina)  dilTcr  markedly  (rom  other 
Mammals.  The  young  arc  hatched  outside  of  the  bodjr ; 
in  other  words,  the  mothers  arc  oviparous.  The  braiiii  n 
poorljr  developed  when  compared  with  that  of  other  Mam- 
mals. Some  or  the  characteristkfl  of  the  skeleton,  &c.,  sug- 
gest Reptilian  affiniiien.  To  this  small  tub-class,  the  tittu 
Monotnrrnata,  Orniiho<k-l[>hia.  and  Prototheria  ue  applied. 

{£.)  The  kangaroos  and  bandicoots,  phatangcR  and 
opossums,  arvd  the  like,  form  the  second  nib-class.  In 
these  the  young  are  born  prcnuturcl)'  after  a  short  gnta- 
tion,  during  which  Ibe  organic  connection  between  the 
mother  and  the  young  is  comparatively  slight.  Most 
female  Marsupials  have  an  external  pouch  or  nurMtpium, 
to  which  the  tender  young  are  tran.ifcrrcd,  and  within 
which  they  ar«  nourished  and  protected  for  some  lime. 
Moreorcr,  the  brains  even  of  the  most  intelligent  Manupials 
arc  not  so  well  developed  as  thofie  of  higher  Mammals. 
To  this  hcterogencouti  sub-class,  the  titles  Marsupialia, 
Diddphia,  and  .Metathrria  are  a[if>lted. 

iO  In  all  the  other  .M.immals  there  is  a  placenta  uniting; 
the  unl>om  young  to  the  mother.  It  is  among  these 
pUcenlal  Mammals  that  the  brains  begin  to  be  much  con- 
voluted.— as  it  were,  wrinkled  with  thought.  To  this  sub- 
dass,  irKluding  sloths  and  ant-eaten  (Edentata),  sca-eows 
{Sirenia),  hooled-animals  (Ungulata),  Cetaceans,  Rodents, 
Carnivores,  Insectivores,  Bats,  lemurs,  and  Monkeys,  Ibe 
titles  Placcntalia,  Monodelphia,  and  Kulhcria  arc  applied. 

Among  these  orders  of  pbixntal  Mammals,  it  seems 
likely  that  the  Hdentata  artd  Sirrnia  should  be  placed  lowest, 
for  many  of  their  characterisitcs  are  oM-faghioncd.  The 
rest  may  he  provisionally  grou|>ed  in  three  sets,  perhaps 
representing  three  main  tutn  of  evolution. 

On  one  side  wc  place  Ihn  great  scries  of  hoofed  animals 
or  Ungtilata,  including  (a)  iImmc  with  un  even  number  of 
toes  (Artiodftctyla),  sucli  as  (ligs,  hipixijiotAmu*,  camels, 
cattle,  and  deer;  {6)  titovi  with  an  'Kid  numl>rr  of  toes 
(Perissodadyla),  such  as  tapir,  rhlnnrcros,  ntvd  hone ;  (c) 
the  elephants  (i'robo)Kl<tcn) ,  (</f  ihr  MyraKcs  (Hyracoidca). 
At>d  near  the  Un^laU  il  seems  l(>Klliiiiaici  |o  rank  fit)  the 
whales  and  dolphins  (CaUcea),  and  (^)  the  rahbiu  ana  hares, 
rats  and  mka,  &c<  (RodonllajL 
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GtwzMAL  Chakactzul— g4i/  Mmmmmtt  an  ^mmtniftdt, 
tx4tft  the  Ctloittms  nW  Sinrnan,  m  wUdk  tke  kimJ  Swis 
Jkatx  disafiftarrJ,  ifjving  at  mast  intemtl  vt^ga.  T^ert  u 
gimtrally  a  dUlimft  atfk  httwttn  tkt  ktai  ant  tkt  Unuii,  amd 
the  vatttral  tohtmm  is.  in  most  tasts,  ffwin^td  mI#  a  fiaU. 

/fairs  art  ittprr  entirrfy  aitemt.  /«  mujV  /Ae^form  a  tJUdk 
entriMg,  htt  tkty  art  teanty  im  Strrm&iu  ami  tm  til  iiiffa- 
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^antHf.  and  almoti  ithumt  in  CtlturaHi.  in  urhifh  /Ay  art 
sauutimei  rtilricitd  to  tarly  tiagts  in  /i/e.  The  skin  Mat 
atundiinl  uiticfmii  and  aidmifit  glandi.  In  the  fetnait, 
milh-pBiitg  or  mammary  gtamii  drvtlop.  as  t/xeialisatianM 
of  leAucMU  glands,  fxafit  in  Man&tremet,  whert  they  art 
ntartr  the  svdori^  ljFf<. 

A  (ampieit  museular  partition  or  diaphragm  stparattt  ikt 
thtit  tarity  tontaining  the  heart  and  tuitxt  fram  the  oMominal 
eatity,  and  is  o/  great  importamx  in  mpiration. 

Ail  the  important  ioMt  have  dittintt  ttrminal  ostifieations 
or  epiphyut,  absent,  hotoever,  in  the  vertehnr-  of  Monotrtmes 
and  i^rtnia.  The  antra  of  the  vertttrra  hat*  generally  ^al 
faets,  and  there  art  seven  eerfieal  verte&ra.  txeept  in  the 
manatee  and  the  two-totd  tlotk  (Qtokepiu  boflTnunnilk  tohUh 
have  six  ;  the  thr^loed  tlotk  (Bradfpui  tridaaylas)^  whkh 
hill  nine  ;  and  the  panjpdin  (Manb)^  tcAiinA  Mas  toiHelima 
eight, — variations  tvhifh,  it  m'/i  he  ohterved,  art  limited  (a  the 
tw  moU  oldfashioned  orders  of  piaiental  Mammals. 

The  hones  of  the  tknll  art  firmly  nnittd  by  sMturtt,  Tchiek 
generally  periiit.  Only  the  Imoer  /are,  the  tar  oisitlet,  and 
the  hyoid  are  mevaile.  There  are  two  oaipilal  londykt, 
as  in  AmpidMaia,  /l  may  fir  noted,  Aoitvuer,  that  for 
varioui  rtasons,  «^,  t/iaf  lofit  Birdi  and  Reptiles  are  net 
very  eUarly  singlt^eondyled,  morphologisti  na  longer  attaek  so 
much  importanet  to  this  eharaeter  as  Ihey  enee  did.  T!he 
loavrjasf  on  eaeh  side  tontitli,  in  adult  life,  of  a  single  bone 
whith  works  on  the  s^amotal ;  the  fuadrate  which  intervenes 
in  Sauroptida  has  dliapftand,  or  has  been  shunted  to  beeome 
one  of  the  ear  ouislet.  JW  it  it  one  theory  of  the  three 
osiitJes^ma/leni,  ineus,  and  Uafet — which  connect  the  drum 
teith  the  inner  car,  that  they  lorrtsfond  rtifectitiely  to  the 
artieular,  quadrate,  and  columella  or  hyomandihular  of 
other  Vertebratei.  The  otit  hones  fuie  to  form  a  tompatt 
ptriotie.  A  bony  falale,  formed  from  firtmaxiltai,  ma.xi/lx, 
and  palatines,  teparatei  the  bueeal  cavity  from  the  nasal 
pastagtt.  In  moil  catei  there  are  teeth,  borne  in  sockets  hy 
the  prtmaxilltt,  moxillir.,  and  mnndiblt. 

Except  in  Afanotrrmei,  the  toraeold  it  represented  hy 
a  small  fraceit  from  the  tcafiula,  forming  part  of  Ike 
glenoid  cavity  in  whith  the  he,td  of  the  humerus  works, 
kul  not  reaching  the  tternum.       The  latter  insludts  (a)   n 
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tke  dktst  enily.  IKelw  <te  tmmgi  Ik,  inmtht/  tails  Jkr* 
rtfealtdfy  ra*  Jtmir  md /mr  inmtAa.  At  ikt  tif  tf  At 
trmeMmAtna^amfkxkKrmxwilkAttamlmH^. 

Tim  UA^fa  ^m  gumnify  amfMl  mmd  i  M  *^Ai ; 
tkt  mnta^  tftm  m*  «lr  UaMrr,  autft  m  Mmatinma  m 
mlaA  Hif  tmtkr  <  mrimigim'tm/  timmt.  £xaff  im  J/mttrrmts, 
tMtsmtktm-  mntin  tf  ike  Umdirr  mmia  im  tJkt  mgJk  mM 
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tkt  gtmitmidma  afm  imta  m  ammm  wMihrfr. 
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T/k  at-Vriet  art  tmall.  Except  in  JKonotrtmts,  the  genifa/ 
duils  of  Ihtftmak  art  difffrtntialtd  info  (a)  Fnllopian  Itihet, 
wAie/i  caUh  tJU  nit  as  they  bttfit  from  tie  oparits ;  {b)  a 
Mterint  portion  in  whith  t/tt  young  detx/ofi;  and  (i:)  a  vapnal 
fortioH  tnding  in  the  uriHoginilal  afvrturt.  In  Afonotrena 
fht  two  dtutf  are  simple,  and  ofien  ftparaUfy  into  Iht  eloata  ; 
in  Marsuffiitis  there  art  tw>  uteri  and  tttv  vajpfM ;  in 
Pltuental  Mammals  the  uterine  repons  art  more  or  kss 
united,  and  the  vagina/  rexions  are  ahvays  fused. 

In  Monotremes  the  eggs  are  large  and  rieh  in  yolk  ;  Im  eUt 
others  they  art  small  and  almost  yolhJess.  In  the  o%>ary  taek 
tnHim  lies  emlredded  in  a  nest  of  tells,  within  a  mWling  or 
Graafian  follieU  whieh  etKHtually  bursts  and  liberates  Iht 
egg  teU.  In  Monclremts  Iht  stgmtntation  is  ntteisarify 
meroblastie,  in  olhtr  eases  it  is  ho/oMastie.  As  in  Sanrofsida 
there  art  two  fatal  membranes — the  amnion  and  the  allantoit, 
itith  oftt'hieh  share  in  forming  the  piatenla  of  the  Placental 
Mammals. 

The  Monotremes  are  evipareus ;  the  Afarsupials  Mng 
forth  their  young  prematurely  after  a  short  gestation  ;  Ihie 
Placental  Mammals  have  a  longer  geslalion,  during  which 
the  young  are  totally  eonneeled  to  the  wall  if  the  uterus  by 
means  of  the  plaetnla. 

General  Life  of  Mammals. 

MosI  Mammals  live  on  dry  lamj.  'I'he  l«iW,  however, 
have  the  power  or  Right,  and  not  n  few  foritis,  iKlonging  to 
diverse  orders,  arc  able  lo  take  long  swooping  leaps  from 
tree  to  Uce.  Thus,  there  arc  "  flying  phalangers,"  such  as 
Peliiurtfs,  araonf!  Mariupials ;  "flying  squirrels,"  such  as 
Pteromys,  amonij  Rodents;  "flying  lemurs"  {Galeopithetus), 
allied  to  Inweiivores.  Not  a  few  are  aquatic,— all  the 
Cetaceans,  the  two  Siienians,  and  ilic  Pinniped  Oimivores, 
such  as  seals  and  walruKet ;  while  water  voles,  beavers, 
otters,  polajr  bear,  and  many  others  are  also  at  home  in 
the  water.  Burrowcrs  ore  well  represented  by  moles  and 
rabbits ;  atrarcal  forms  by  squirrels  and  monkeys. 

As  to  the  diet,  man.  most  mon key t^  pigs,  and  many  others, 
may  lie  called  omnivorous ;  kangaroos,  hoofed  animals,  and 
most  rodents  are  herbivorous ;  the  Echidna,  the  ant  eaters, 
hedgehogs  and  »hrcws,  oiid  most  bats  aie  insectivorous  j 
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most  or  the  Carnivora  arc  carnivorous;  dolphins  and  seals 
feed  chtel^y  on  fishes ;  but  in  most  cases  the  diet  rarics  not 
a  little  with  thv  availsMe  food  nipp])r. 

The  struggle  for  existence  amonfc  Mammai-i  i«  sometimes 
keen  ;iniong  fellows  of  the  same  kind  :  Ihiu  the  brown  rat 
(J/mi  de(HmaisHi)  lends  to  drive  away  the  black  rat  (jV. 
rtUius),  but  &tre&%  due  to  ovcr-populalion,  b  sometimes 
mitigated  by  migration,  as  in  the  case  of  the  lemmings.  The 
strugi^le  seems  to  be  keener  between  foes  of  different  kinds, 
between  carnivores  and  lieibivores,  between  birds  of  (wcy 
nnd  small  mammals;  but  combination  for  mutual  defence 
often  mitigates  the  intensity  of  the  conflict.  Teeth  and 
claws,  hoofs  and  horns  are  the  chief  weapons  while  the 
scales  of  pangolins,  the  bony  shields  of  armadillos,  the  ^nes 
of  hedgehogs  and  porcupines,  and  the  thick  hide  of  the 
rhinoceros  may  be  regarded  as  piolecttve  armature.  In 
keeping  their  foothold  »»nie  mammals  are  helped  by  the 
harmony  )>etween  their  colouring  and  that  of  their  surround- 
ings ;  thus,  the  white  Arctic  fox  and  hare  are  inconspicuous 
on  the  snow,  ihc  striped  ligcr  is  hidden  in  the  jungle,  and 
many  lawny  animals  hatmoniac  with  the  sandy  background 
of  the  desert. 

The  majority  of  Mammals  are  gn^arious,  witnesB  Ihc  herds 
of  hcrbivort^,  the  citin  of  the  prairie  d<^s,  the  pscl:s  of 
wolves,  the  schools  of  porpoises,  the  bands  of  monkeys. 
Combinations  for  atuck  and  for  defence  are  common ;  senti- 
nels arc  posted  and  social  conventions  arc  respected ;  such 
migrations  as  those  of  the  lemming  and  reindeer  are  char- 
acteristically social.  In  the  beaver  village  and  among 
monkeys  there  is  combination  in  work,  and  their  comnaunal 
life  seems  prophetic  of  that  sociality  which  is  distinctively 
human. 

Among  Rirds  mates  arc  won  1>y  beauty  of  song  and 
plumage ;  Mammals  not  less  characterislicatly  woo  by  force. 
Rival  males  fight  with  one  another,  and  arc  usually  larger 
and  sirongcr  than  their  mates.  The  anilcrs  of  male  dwri 
the  tusk  of  the  male  narwhal,  the  large  canine  teeth  of  boars 
illustrate  secondary  sexual  characters  useful  as  weapons. 
But  manes  and  beards,  bright  colours  an<l  i^loriCerous  glands 
are  often  more  develoi>ed  in  the  mate«  than  in  the  females, 
and  may  be  of  advantage  in  the  rough  mammalian  court- 
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ship.  Ai  the  breeding  lea.ioii,  a  rcniarkahlti  organic  reaction 
orten  afTectit  the  animal,  the  timid  hare  liecome«  a  fierce 
comhauni,  and  love  is  often  stronger  than  hunger.  The 
courtship  of  Mammals  is  iisii.illy  like  a  slomi — violent  but 
passing  ;  for,  after  pairing,  the  mates  return  to  ibeir  ordinary 
life,  and  the  females  become  maternal.  Some  monkc>'S 
are  faithfully  monogamous ;  and  exceptional  pairs,  such  as 
beavers  and  some  antelopes,  remain  constant  year  after  year; 
but  this  is  not  the  way  of  the  majority. 

The  duekmolc  lay*  eggs  and  brings  up  her  young  in  the 
shelter  of  the  liunow ;  the  Echidna  has  a  tcmpornry  iwuch. 
In  Man«iipiah  the  time  of  gesLiiion  is  vct>'  short,  and  there 
is  no  truly  placental  union  between  the  unborn  young  and 
the  mother.  The  new-born  Marsupials  arc  very  helpless,  and 
arc  in  most  cases  tran^erred  to  an  external  pouch  or 
marsupium,  within  which  they  are  nurtured.  In  Placental 
Mammals  the  ^et>tation  usually  lasts  much  longer  than  in 
MarsupinU, — its  duration  varying  to  some  extent  with  the 
rank  in  the  mammalian  scries,  but  there  arc  great  differences 
in  the  condition  of  the  young  at  birth.  "  In  those  forms," 
Professor  Flower  says,  "  which  habitually  live  in  holes,  like 
many  Rodents,  the  young  are  always  very  helpless  at  birth ; 
and  the  same  is  also  true  of  many  of  the  Camivora,  which 
are  well  able  10  defend  ihetr  young  from  attack.  In  the 
great  order  of  Ungulates  or  Hoofcd  Mammals,  where  in  tlie 
majority  of  cases  defence  from  foes  dq^ends  upon  fleetneMi 
of  foot,  or  upon  huge  corporeal  bulk,  the  young  are  born  in 
a  very  highly  developed  condition,  and  arc  able  almost  at 
once  to  run  by  the  side  of  ihc parent.  This  state  of  relative 
maturity  at  birth  reaches  its  highest  dcveiopmcnl  in  the 
Cetacea,  where  it  is  evidently  associated  with  the  (leculiar 
conditions  under  which  these  animals  pass  their  existence." 
The  importance  of  prolonged  infancy,  a.t  illu.ttratcd  among 
monkeys,  should  be  recognised  in  connection  with  the  evolu- 
tion of  .symiKtlhy. 

The  maternal  sacrifice  involved  in  the  placental  union 
between  the  mother  and  her  "fcctal  parasite,"  in  the  pro- 
longed gestation,  in  ihc  nourishment  of  the  young  on 
milk,  and  in  the  frequently  brave  defence  of  the  young 
against  attack,  has  been  rewarded  in  the  succeM  of  the 
mammalian  race,  and  has  been  justified  in  the  course  of 
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nalanU  sdection.  Dot  it  n  hnportant  to  noognise  that  tbe 
BUertttl  SMtificc—Dtutcvrr  its  origin  mxjr  bsve  been — 
CKpresaes  a  subordioMkw  of  scir-pteserving  to  sfMOOHami- 
bmuni.  Thus,  otber-rejvdini;  as  well  as  adhegudiog 
■Oiyhie*  have  been  bcton  in  eCvtutMW. 

Ilb^j  ^Jtammak.—ia  M  ike  o^  of  Willi  we  en  girir 

RiiBatiMt  ruiTiTnii  tjrpM,  kaom  a*  AMmdoMlB  at 
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t— cedtial  eoaiihhj,  1— llaiaJwttAliMtM— QM>k«nJi 

(te«(«aW0  «f  (Mtonl  Md  pehfc  Mk     n—1lj   tht 

l^MHb  Md   (ht    Aw»ipi*»W    RmSh  AfOMd  boa  ■ 

I'lilf'-'n  -  -'• 

1>i  iilimiiii ■■!!■   t"  -    -■  -   '  -'■-'-    - 

lotin,  a«d  liaihi  lypa  ka««  keen  faod  <m  CMaeaam  mA  ltd 
tab:  Mot  of  Am  Maovk  fcarib  mc  bM  imI  piew  <rf 
and  KCafc  wadiii)*!  k  io  ihor  mmk  an  aat 
Tkecarf^H  wmgat.  ■liamrT  with  M.— ^-.w  ^  ] 
Uwr  rf  (far  MmSc  ^wMh  bddw  n>  a  poaa  «Wdi  tea 
wwfcwJ  th»  Maat  «f  Mafchrfufwlaii.  o«  wwal  of  ihtlni^gari 
■wnefnheRlnaa  the  back  tecik  UwMiaiUkallbwIwfc*^.. 
AMte**,  nMate.  /ISnHkaia.  Acrid  be  i^eed  bo^  iw 

Mm ■iii.bit*iT»»i1»plaerdaaMiM |iili 

OUta  MtiM^t  fefva.  wk  ■>  Jii  ■^fa>ii—.  7V»iw*a.  J«^il». 
Atnmm.  aibiiiilinii  .  mft  sAcB  Rfcnad  H  iW  MmimiI  ««» 
fc<a«la  ' 
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tion  of  an  ingntwing  c[)idcrmic  pnpilk.  surroimdL-d  at  its 
ba2c  by  &  moai-likc  foUicI*.-,  nnd  nourished  during  growth 
by  a  vascular  projection  of  the  dermis. 

Each  hiir  consiiti  of  n  ipunn-  ccntiul  pAil  uicl  h  denxci  coitcK,  but 
ihnc  are  many  divcnilia  of  ^nn  und  itmciiicc.  tuch  a*  ihorl  fui  and 
lone  iresK*,  Ine  ufl  wool  of  hhvcp  and  ihc  brlitln  of  plei.  ihc  iiplnn  »f 
heiKchog.  poieu(dnt,  and  t^hiilna.  the  cilia  of  ihc  cychi^and  thctiwtitc 
vibnHW  at  Iba  lipk  and  cHcvLk, 

It  b  general)]'  lieliciYd  ilml  Ihi:  hiiirt  'if  M■lnm.1l^  ate  humulof;ouii 
with  (he  feathen  of  Itirtli  and  Ihv  tcslct  uf  Kirptilm,  Init  Mautcr 
miinlBinii  Ihal  the  fncu  of  development  upset  the  homology  and  imitit 
mther  lo  a  foemliUncc  Ijctucen  hain  and  (he  icnioij  p«pi!ld:  of 
Amphlhianii.     Bui  (lii«  ii  tiill  under  ditcauion. 

llir  h&ir  kc«pi  th«  aninial  dry  mitl  watm  :  in  ihe  practically  haitleu 
CctMOta  the  Uyer  or  fat  or  lilulilxr  undcinctth  thenkin  iiliKiitnn  lo 
tuKtain  the  leTnpcnlura  of  the  body.  Like  fmihrch  li.-vin  tlie  away 
and  arc  cut  aR,  being  leplaoed  by  &nh  gruwihi.  A  few  mammal^ 
Mkchatlhe  Arciicfoi,  thcmountiiiii  hue,  and  iheermine,  become  white 
in  winter.  harmoniiinE  wllh  the  mow.  In  ihc  c4k  of  Rou**  lemming, 
we  know  thai  thii  change  i*  due  ta  the  influence  of  the  colli,  nnd 
dcjMndi  in  great  pait  on  the  appcuaoee  of  gai  bubbles  iniide  ihe 
hairi. 

That  Ihe  colouring  i»  Mtnelimci  of  profeciivc  advanlaEc  we  h»Tc 
already  noticed;  but  in  many  caies  no  ulililaiion  inleiprelirion  can  be 
read  fnla  ibc  itripa  and  maiklngiL  Tbo*e  tji  nUlcd  ipecle*  often 
form  rcgiilaT  tcrin.  and  nre  vaperficlal  ouietopi  afconttilutlona]  chan||;c* 
hardly  lo  lie  arulyied.  Sumelimet  llirrc  ii  contidemlilo  change  during 
the  hfclime  of  the  animal,  thut  mail  yonng  dc«r  have  tpott,  bul  unty 
the  Callow  and  Alls  deer  retain  theic  when  aduJL  To  Hn  exccu  Mt 
mgmenl  i>  due  the  t-uialion  known  ni  melooiam  or  blickne**,  t^.,  in 
mack  wolvci  and  nbhiu  ■  lo  a  dcnith  of  pigment  allnmim  J*  due,  ai  in 
while  mice  and  while  clcphaalk.  In  Irojncal  counlrlct  Ihc  >k!n  ittam«- 
limeii  very  ilarkly  colourHl,  at  in  Intlian  eaillc,  and  many  mniikey* — 
npccially  malM— ve  notable  lor  the  bright  colouti  of  the  bare  paiU  of 
Ihe  body. 

Among  Other  legumentary  uructures  are  tl)e  scales  which 
occur  along  with  hair?  un  the  jiaiigolins  (Afami)  ;  the  scales 
on  the  tails  of  lats  and  bcsvvrs  and  some  other  forms  i  the 
thickened  skin-pads  or  callosities  on  the  ischJa  of  apes, 
the  breast  of  camels,  the  legs  of  horses ;  the  nails,  cta^-s,  or 
hoofa  which  enshcath  the  ends  of  the  digits  in  all  mammals 
except  Cetaceans.  Unique  is  Ihe  armature  of  the  armadillos, 
for  It  consists  of  bony  plates  developed  in  Ihe  dermis, 
overlaid  by  «pidennic;  scales.  1~hu  median  solid  horns  of 
ihe  rhinoceros  arc  cpidttmit-  outgrowths,  com])arable  lo 
exaggerated  warts ;  the  paired  horns  of  Ihc  Kuniinaiits  con- 
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sin  of  epidennic  sheiuhs  co^-cr ing  oulgrowihs  oT  the  Trontal 
boncf,  but  extending;  far  lieyond  tlvese ;  the  antlers  of 
stags  arc  outgrowths  of  the  frontal  twnes,  and,  ncepi  in  the 
reindeer,  are  cost  and  rcgrown  och  fsu,  and  posiessed  by 
ibe  males  ontjr. 
The  skin  of  Mammals,  unlike  that  of  Birds,  ts  rich  in 

S'  inds.     Sebaceous  glands  arc  almjrs  associated  with  the 
ir-rolltcles,  and  sudoriftc  or  sweat  glands  are  scattered 
over  the  tkin. 

Specklucd  e'*"^*  ■>'*  ■>'>■>  ""^n  coniBon.  MprcUII)'  ihote  «tiicb 
MCirtc  Kme  urongty  odorifcioui  tt«ff,  Kmrioe  which  the  aniniab 
KtonuK  ihcu  fcllawi.  ibdr  fuci.  at  their  fcef.  Often  tbnr  are  most 
dcvdcficd  in  tlw  mla,  and  ihdt  activity  iitacMci  kt  IM   purin£ 


Aboiv  iha  BiniMiaait  apMial  ebadt  B)»y  bcftoied  ihoM  which  ue  coa- 
MCtcd  wUh  «perfcnttd  spur  on  the  htod-tcp  of  aialr  MooMmM*.  ibe 
Mb-orfailal  pMX  of  witdopcB  uid  d(«r,  ibe  uul  etuiib  of  antiviNCB. 
the  perinnTriMicIs  «f  the  a<ret.  the  preputial  cl*"!^  "^  <be  nnik-dcer 
>atl  beiro,  the  Inlci-dlptal  glandt  M  the  i^tecp. 

Moot  characteristic,  however,  are  the  mammary  gUnda^ 
ftinctional  in  fcmak  Mammals  after  parturition.  They 
6e>em  to  be  spccialisatioos  of  sebaceous  gland$,  except  in 
Monouemcs,  in  wbkh  they  are  nearer  the  sudorific  type. 
They  coruist  of  branching  tubes  openine  by  one  or  sctmI 
ft)>ertureii  on  the  iikin.  From  the  white  blood  corpuscles  of 
the  aburHlani  vascular  supply,  and  from  a  degeneration  of 
the  cells  lining  the  glandular  tubes,  the  milk  is  produced.  It 
begins  10  be  produced  when  the  young  are  borr^  when,  in 
PlMeotal  MaiiHB«ib>  the  demand  upon  the  mother  through 
the  ptocenta  has  ooised. 

In  Monotremes,  the  nmple  glands,  compressed  by 
muscles,  open  l>y  set'Cfal  ponrs  on  a  bare  patch  of  skin, 
litis  is  depressed  into  a  slight  cup  from  which  ttie  )'oung 
Ikk  the  milk.  In  Marsupials,  the  glartds  open  by  tests  or 
mammic,  generally  hidden  within  a  marsupium  ;  and  again 
the  action  of  surrounding  muscles  forces  the  milk  into  the 
mouths  of  the  young,  which  do  twt  seem  to  be  able  to  suck. 
An  anterior  pTolon(;ation  of  the  lar^-nx  to  meet  tlie  posterior 
nare*,  establishes  a  complete  air  passage,  and  enables  the 
young  to  continue  l)reaihing  while  il>e>'  arc  bfin^  fed. 
*'  In  the  Cetacca,  where  the  prolonged  action  of  sucking 
would    be    incompatible  with  their   subaqtKoas  life,  the 
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duciit  of  ihc  glandK  nrc  dibted  into  large  resc-rvoirs,  from 
wfhirh  ihe  contents  arc  injected  into  the  mouih  of  Ihc  young 
nnimal  by  the  action  of  a  compmsoi  mu^le."  In  all  other 
Mammals  ilie  young  suck  the  milk  from  the  inammfe. 

DtHii/ian. 

Tbc  teeth  of  Maninials  are  <lcvela]>e(l  in  the  gum  or  sod 
tissue  which  covers  the  borders  of  the  j)rrmaxilla:^  maxillsci 
and  mandibles.  As  in  other  snimnis  they  are  in  part  of 
epidermic,  in  part  of  dermic  origin.  In  the  course  of  their 
development  their  liases  arc  enclosed  in  sockets  formed  in 
the  subjacent  bones. 

R^In  most  teeth  there  are  three  or  four  different  kinds  of 
tissue.  The  greater  part  consists  of  dentine  or  ivory ;  out- 
side of  this  there  is  a  layer  of  very  hard  glistening  enamel ; 
ill  the  interior  thcic  is  a  cavity  which  in  growing  teeth  con- 
tains a  gelatinous  tissue  or  pulp,  supplied  by  blood  vessels 
and  by  branches  of  the  fifth  nerve,  and  contribuiing  to  the 
increase  of  the  dentine  ;  lastly,  around  the  narrowed  ba.-tes 
or  roots  of  the  tooth,  or  between  the  folds  of  the  enamel 
if  these  have  been  developed,  there  is  a  bone-like  tissue 
called  the  crusta  pctrosa  or  cement. 

The  dcvdopnicnt  of  tcclh  begins  with  the  formation  of 
a  dental  ridge,  an  invagination  of  the  ectodermic  epithelium. 
From  this  ridge  a  number  of  "enamel  germs"  arc  next 
din'orc:)tiated.  Beneath  each  germ  a  papilla  of  the  vas- 
cular mesodemiic  dermis  is  defmed  olT  as  the  "  dentine 
germ."  The  crown  of  this  papilla  tiecunies  hard,  and 
the  ossification  proceed*  downwards  and  inward.t,  while 
above  the  dentine  crown  the  cn.imcl  Iwgins  to  form  a  hard 
cap.  Meantime  the  tissue  around  the  base  of  the  tooth- 
jjapilla  biicomcs  differentiated  into  an  enclosing  follicle  or 
sac,  from  the  inner  layer  of  which  the  cement  is  developed. 
The  pulp  is  but  the  uncalci6ed  core  of  the  papilla. 

The  hue  of  a  tooth  may  remain  iincofwtriclctl,  »nd  the  core  of  pulp 
■nay  pcnitt.  .Such  *  looth  goa  an  ([towing,  ils  growth  usually  kt«pia^ 
paca  with  the  nte  at  which  the  iipe\  ii  <irom  away  with  \ut,  and  il  tt 
dmcrilwil  in  "  iiMMleta"  And  "  with  pcniilcnt  pulp."  The  inciioni  of 
Kixjcnts  and  <A  KlupbuiU  llliulr&le  ihit  condition. 

In  the  development  of  mott  IMlh,  bowtrct,  the  bwe  It  namwtd 
and  pralonsed  into  n  root  or  nvoral  looia  wbich  beoonie  ftnnly  bed 
Id  lae  McbeL    Through  n  mitiute  aperturt  »t  the  end  of  the  nwl( 
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Mood  vcBtdi  uiil  ooTts  (liU  cnlM  ihe  jiulp  at*uir  and  k«f  ibc  inmh 
oIItc,  UM  u  ihclimlt  of  Growth  nKschnl  tile  roMoc  of  uw':  <    nK 

lo  ilbapfiMi.    O*  iheif  "  roolrrf  "  icvdi  ilirrr  jkc  mjinj  kiH'  ^ 

ia  liic  omI  ihapfi  in  ih*  nunbct  oX  nwlk,  iml  io  Ibt  pen--,  ^l  » iii..ti 
Iboe  are  definiitljr  ntaUiibtd.  Mannnab  ako  diSn'  nM  ■  lililc  in 
roanl  to  ihe  p«riod  aii  whack  the  iccth— uoMlljr  coaccakd  at  Ihe  inue 
onrirth— a|ipMt  un  the  nthue  w  cut  ibc  pML 

WherMi  Pitbcx  knd  Reptiles  have  >  pnctJcaJlT  umlimiicd  tnoocMion 
nf  irTlh,  the  niocewion  !b  MaaimAb  b  pnatoAjr  Ifnltcnl  lo  (wo  kU, 
though  iraco  o[  M  kiM  >  ihirH  Ml  hiiv*  tmn  •iccn.  It  ma  «nlil 
n-ccntly  Ihe  cuMooi  lo  diuiogubh  btiwecn  m—t»fifeStml  Munraalfc 
wiih  [only  one  M  of  IMb,  and  difkyeitm  Manunali  wM)  two  teli. 
Out  more*  fnccGtl  inrntipuion  hat  shown  (hM  there  ire  no  tftkUjr 
monopihj-cidnni  MunouK  Eren  Ihe  halecn  whalo,  whkli  have  ao 
Tuncliotul  leclh  it  all.  have  the  radimenlt  of  two  ku.  InBOUOUMirc 
havs  to  dixtli^uUh  a  norc  inaponaM  re^lacinc  tct  which  u  functional 
ihiough  Ike  grater  put  of  life,  and  a  kM  impoctMit  inuiiieu  lint  wt  the 
monMtt  of  which,  often  Ivin^  developed  ilorini;  the  pniod  of  nickijig. 
ai«  called  milk  trcib.  Tti?  mdk  tceih  may  dwindle,  ■*  m  teab,  beilixe 
or  (bonly  sltei  biiih  :  or  ihry  may  renwin,  u  in  Unsalaltfi,  lot  ■  tcng 
lime,  Imne  eiadnolly  replaced  1^  the  pcnnailenl  ki  :  tx  tbcy  taa|' 
remain  d  the  pcrmanenl  dentilion,  ia  Manuplak  uid  CctaMasL 

Some  tocvnt  Invettigaion  di»lti^uith  four  ([cDfntjOM  of  te«(b. 
•B.  :— 

■ft.  m  pre-mlk  dcolitioo.  non-fiinctliMial  votiges,  Af.,  MjrrtntniiMt, 

sad,  or  ttilh  ilenlition.  ccncnJl;  fnnctioiHl  for  k  tUBc.  peraianeni  in 
HaftiupliU  and  loothed  CelJieeaiii,  luiially  In  gieai  pan  trm- 
ponry.  In  nioM  Mamm&li,  ncepi  Hjtax  and  a  lew  otben, 
Ihe  tlivl  premolar  ii  a  penittieg  milk  loolh. 

3fdi  or  replacing  denlilion,  uiually  the  prrmanenl  dcnlilioB.  rtldl- 
menUiy  in  MlnupiaJi  and  Cetactoiu  ; 

4th  dentilion.  doubtful,  m  ria(a  {}),  ia  />tim»iits  It),  soMieliaie*  in 
nuin  <?>■ 

By  a  tci  or  ^icntion  of  teeih  we  mean  ibOM  wUdi  dllferenilate 
contempanncoiiit]',  oi  ala»aBI  cootemponnemuly,  from  the  doiUl 
ridge.  It  used  lo  be  nrppeoed  Ihat  ihe  ie|ilaciii|f  teeth  ilevclop  from 
Ibc  milk  tet.  bat  boih  aie  detired.  ai  ister  dcwttKUU.  from  the  denial 
ridsb 

M.  P.  Woodward,  in  oucAil  aceouiil  of  rcoeM  woth.  M]rt  that  con- 
ttduBiion  of  the  ttet*  "  Icadi  oa  to  the  belief  (i)  tWl  the  tiviiv 
Mammalia  (how  Ince*  of  ftooi  three  to  foM  diUiael  fcneralkMM  of 
trelh,  and  cunM^ucnily  11)  Ihat  they  arc  polentiAll]r  ^jiphyodonl  t 
(jl  that  ihr  (iiM  xl  a  v^igial  aad  not  fanctional  in  any  Kriog 
mammal  i  (4)  ihat  Ihe  tccoodt  wUch  ii  m  iiaportant  in  the  lower 
mammals,  n  more  or  tns  wjlaoKl  by  the  third  m  the  higher  I>m«i  j 
and  (;)  that  thit  thin)  dtMilMn  reinauu  doemant  in  the  MnnufilU  and 
CctaceuB." 

Mi.  Woodward  poiiHi  out  that  the  eraluiloM  of  ihc  aftedBlited 
belcrodont  denttiion  of  the  Mamniatia  (roBi  the  dmpU  honodgnl  aad 
poljithjodonc  dentition  of  the  loirer  Keplilia  "  would  neotaawily  eaim^ 
a  tHlwctioo  in  iho  number  of  nKCCBioail  seU  of  teeth,  due  lo  n 
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nUr^i-niciil  ur  ODC  Ml  nnii  a  contniucnl  alwtracttm  of  etowlh-cncrj^y 
■nd  material  froiu  Ihe  undnlyinc  wli.  Tlic  »p»ri»liwUioii  wnulil  mil 
appcni  in  ibc^rj/  generation  of  tcpih,  which  muil  necnurily  lie  dF 
«nall  ait  finm  iut  kmXj  devcUipmcnl  and  conmjiienl  idapullun  tu  the 
iTTUktl  J«w  of  ihc  youiic  nntnwl,  and  which  would,  moreover,  be  icquirtd 
for  (riii)iorJjy  iiw,  while  the  lujjei  and  mncc  onmplicntcd  ili-nlilian  was 
iltvi'liijiiiig,  Tht  iiicreawd  »i»e  of  Ihe  usamt  iri  of  icclh  miehl  well 
abtlracl  Ihc  growl h -energy  ftoni  Ihe  tufcvcilini;  keU  «nil  relaKt  Ihem." 
The  diet  of  millc  miuld.  huwevet.  do  nway  with  Ihc  function  of  the 
firu  Icclh,  while  the  ihirH  gnulually  gained  in  praminenoe. 
The  fbliowtnf!  iccici,  nftet  Lrthe,  i»  of  interest — 

(l)  In  toothed  Cctnccnn^  Ihc  pcniiting  dentition  is  whollj'  of  the 

milk  ie\  tOdontoccii). 
(1)  In  MnrtupiaU,  the  pcnisiinjt  dentition  n  of  Ihe  lii>il  hci.  ciccpl 

Ihe  thini  for  fouilh)  picinuUr. 

(3)  In   the    hed^hog,  Ihe  pcTBiiliiij;  dentition  is  mixed,  (hu»  the 

incisoTs,  caninrv,  and   premolars  are  partljr  of  the  milk  set 
and  partly  replacing  teeth. 

(4)  In  the  ^real  mAjorilv  of  MammBl>  ihc  persisilng  dentition  eonsisia 

of  (cpUeInc  icelh.  i-sceplini!  in  mo>l  the  first  preniolai,  and 
also  ciecplini;  (according  to  iiuuiy)  the  tnoUn. 

In  a  few  Maiumals,  for  instance  \\\  the  dolphins,  the  teeth 
are  vi;ry  uniform,  atmot^t  all  alike  from  hcj^nning  to  end, 
Such  a  dentition  is  cal](.-d  homodont,  in  conlnut  to  the 
common  hctviodonl  dentition,  in  which  the  Icclh  arc  more 
or  less  markedly  dilTcrcnt  in  Torm  and  runccion.  It  is 
ncccssnry  now  to  consider  these  differences. 

In  the  typical  dentition  of  Mammals  there  arc  forty-roiir 
permanent  Iceth,  eleven  on  each  side  above  and  helow. 
The  eleven  on  each  of  the  upper  jaws  may  he  divided  into 
four  sets.  Most  anteriorly,  associated  with  the  ])rr maxilla, 
arc  three  simple,  sinKlerooted  teeth,  usually  adapted  for 
culling  or  itcixin^.  lhe*e  are  (.ailed  incisors.  I'oslefiorly, 
there  arc  crushing  or  grinding  teeth,  whose  crowns  bear 
cusps  or  cones,  or  are  variously  ridged,  and  which  have  two 
or  more  roots  associated  with  the  maxilla.  But  of  these 
grinders,  the  last  three  occur  as  one  set,  having  no  suc- 
cessors. They  arc  therefore  distinguished  as  true  molars, 
from  the  four  more  anterior,  and  often  simpler  premolars, 
which  occur  in  t*ro  sets,  the  milk  set  being  replaced  by  a 
permanent  set,  except  in  most  cases  the  first,  iMnnlly,  the 
tooth  just  behind  the  incisors,  that  is  to  say,  immedialcly 
posterior  to  the  suture  beiwccii  premaxilla  and  iiuuiilla,  is 
distinguished  as  the  canine,  and  is  often  long  and  sharp. 
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fidi  HhI  twnllow  Ihcm  whole,  hai*  numerous  nlmtnl  unibrni.  it)W]S 
rcciured,  conical  kclh.  ncll  suitcil  lo  take  a  drm  tpe.^  of  Ibo  ilipoery 
uid  itnigglin^  boatr.  To  a  ilight  eiicnl  the  umc  iHatireraui  dmlition 
ma^  be  lecn  in  wak  In  the  more  blricily  inmivDrtiiM  imunmalt,  ihc 
inclMin  ore  nnBll:  the  otninci  >tre  lune  And  ihaiix  piercing  the  ptey  with 
u  dothful  grii>,  while  ihc  luck  ivcth  have  more  or  lem  knlfc'lflie  od|[c« 
which  MTVer  Ifnh  Mlil  boAi'.  In  lyrical  inMclivfltoiu  innmniaU  ihc  u|imi 
and  lower  incisin  mwl  pri-ciielyi  *'  so  u  readily  lo  wcute  Kiiinll  mIitc 
prey,  quick  to  elude  i:n)nure  liui  powerlos  to  mill  when  uiice  uiiml," 
while  the  crowm  o(  ihc  molara  Vm-i  iiinny  ihoni  pointi.  Hcihi»orou» 
mftmmali  have  fiont  leeth  tuiled  fof  croppInK  the  herbage  ar  siuwins 
parti  of  plani*,  Ihc  canine*  nrc  nnall  or  amcnl,  the  molait  have  broad 
Uriiiilini:  criivina  with  ttanhvcr«e  lidgn.  In  uninlvoroui  mammali,  (he 
incison  an  suited  Tor  ciitiinc,  the  c»Jninc8  are  oftrn  formidable  weapon* 
in  the  mate  hi.  the  molars  lutve  crowns  raised  into  rouBdod  taliorcle*. 

It  it  likely  that  Ihe  mtni  primilii-c  type  of  tnanmnlian  loolh  tan  a 
simple  cone,  wch  ni  mov  be  seen  in  toolhcd  whales.  In  lome  of  the 
extinct  mammals,  t^.,  Trimw/oH,  the  tooth  is  a  main  cone  with  two 
kleral  cutpi,  and  ihi*  lypc  lead*  to  what  ii  olllod  ihe  iriluhciculBr 
loolh,  in  which  Ihc  crown  hear«  three  cuspt  dispMCd  in  a  triangle. 
Fmm  this  iritulicreiilar  type  inoBt  nf  the  more  eompJe*  (omw  of  (ptih 
may  be  deriveil.  But  it  remains  doii  lit  fid  whether  ilie  trttulx-rcular  type 
ii  ine  retull  ai  the  fiuion  of  three  conci,  ot  the  budding  of  one. 

DevelafmeHt  and  PlaetHtation. 

The  ova  of  placental  mammals  arc  small ;  even  those  of 
the  Whales  arc  "  no  larger  ihaii  fern  seed,"  Thej-  arc  fonned 
from  germinal  epithelium,  the  cells  of  which  grow  invrards 
in  cluslercd  maaaes  into  the  coonectit-e  tissue  or  stroma  of 
the  ovary.  In  each  cluster  one  cell  predominates  over  its 
neighbours;  it  becomes  an  ovum ;  ine  other*  invest  and 
nourish  it,  and  are  called  fotlitrlc  cells: 

In  the  middle  of  each  clump  or  (iraaftan  follicle,  a  cavity 
is  formed  containing  fluid,  and  into  this  cavity  the  follicle 
cells  immcdialely  surrounding  the  ovum  project  as  what  is 
called  the  discus  proligerus. 

VMien  mature  the  ovum  ])rotTiides  on  the  surfeoe  of  (he 
ovary,  and  iii  libt-ratcd  hy  the  buniting  of  the  Uraalinn 
follicle:  Some  blood,  which  Alls  up  Ihe  empty  folliclCt 
degenerate*  into  what  is  called  the  corpus  lutcum. 

The  spcrmatOEoa  are  formed  from  germinal  epithelium  in 
the  testes.  The  primitive  male  cells  or  speimaiogonia  give 
rise  by  division  to  daughter  cells  or  sjiermatocytcs,  which 
ifith  or  without  further  division  form  spermatoxoa. 

The  homulo};ue  of  the  ovum  is  the  spermatogonitiin  or 
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mothcr-sperm-cdl,  but  Um  physiological  equivalent  of  the 
ovum  iH  the  niKrnnatozoon. 

No  one  lias  s.ucceeded  in  satisractorily  observing  an 
cxtnision  of  puhr  liodies  in  the  maturation  <£  the  mam- 
malian ov-um,  but  analog- 
ous processes  occur  at  an 
early  stage. 

The  oruni  having  burst 
from  the  ovarj'  is  imme- 
diately caught  by  lh«  fim- 
brial«l  mouth  of  the  Fal- 
lopian tube  and  begins  to 
pass  down  the  oviduct. 
There  it  is  met  by  ascend- 
ing spermatoEoa,  iccei\-«l 
by  the  Temale  as  the  result 
or  sexual  union,  and  is 
fcrtilLM:d.  One  of  the 
speim.tiozoa  enters  the 
ovum,  and  sperm  nucleus 
unites  with  ovum  nucleus 
in  an  intimate  and  oiderly 
manner.  It  is  interesting 
to  remember  that  ii  was 
only  in  1S43  that  the  union 
of  spennatozoon  and  ovum 
was  for  the  first  lime  de- 
tected by  Martin  Bafiy, 
and  in  the  case  of  the 
rabbit. 

Tht  ConneetWH  ^/emtn 
Embryo  and  Mother. — (u) 
llie  lowest  Mammals,  the 
Duckmole  (Ornith^l^it' 
Mw)  and  the  Porcupine 
.\nt  Eater  {Echidna)  re- 
semble Hirtis  and  most 
Reptiles  in  bringing  forth 
tlieir  young  as  eggs,  i.<.,  in 
iK-ing  oviparous.  The  eggs  arc  large,  with  a  considerable 
<iuantiiy  of  yolk,  and  after  feiiilisalion  divide  partially,  »>., 


cc 


Fic.  M4. — Sqcmentalion  of  RaIv 
bii'ioTum.    (AftatVAHBKSBMN.) 

,4..  Iliin™l  oiII«(*piMM):  i',  1"- 
»nut«lbOiyp«t>lM>;  ^'-t  UiU-HkiHk 
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exhibit  meroblastic  segmentation  like  the  cgg!i  of  Hirds 
and  Reptiles.  The  tunic  formed  round  aboul  ihcm  in  the 
Graafian   follicles   of  the   ovary  conaUts  as  in    Birds  and 

Reptiles  of  a  single  layer 
of  cells.  As  they  develop 
they  are  unattached  to  the 
walls  of  the  oviducts. 
They  are  laid  in  a  nest 
by  the  Duckmolc ;  in  the 
Echidna  ihey  arc  liaichcd 
in  a  slight,  periodically  dc- 
velopec^  external  |)ouch. 

{(>)  In  the  Marsupials, 
ihi;  conneetion  lictween 
mother  and  offspring  has 
become  closer.  The  em- 
bryo is  born  alive,  though 
prematurely,  after  a  short 
uterine  life,  during  which, 
however,  it  i«  either  not 
vitally  attached  at  all  to 
the  uicrus,  or  only  to  a 
slight  degree  by  villi  from 
the  yollc  sac.  In  the  opos- 
sum, it  lies  surrounded  \xf 
a  quantity  of  nutritive  al- 
buminoid material.  Here 
it  may  be  recalled  that  in 
two  Eln.smobranch  (iishe-s 
and  in  two  lii^rds,  Ihcrc 
U  a  connection  between 
the  yolk  sac  of  the  embryo 
and  the  wall  of  the  ovi- 
duct. As  we  shall  see, 
th«re  is  a  preliminary  yolk 
MC  placenta  in  three  orders 
of  ri.-iccntah. 

((-)  In  all  the  other  Mam- 
mals, the  mniemnl  sacrifice 
prior  10  birth  is  Kreaier,  for  a  close  connection  ia  established 
between  the  cinbryo  and  the  wall  of  tlie  uterus,  by  means 


Fm.     a%.  —  DevttopmcDt     of 
Hcdgrhog.      Thice    early   stoeet- 

(After  IIUBKRCKI.) 

L  !>hcnn  inBnul  *i«i<<la  tit  hvtwTilAtI, 

SInw*  tiZli  qri^f;  Trotn  Iroplio1ilik>r ;  lh« 
dncof  ramtatiw  vnJbU«i  I^).  th*  btatL^ 

mievd  >!*((.  TV.,  tn>|i)iahU>i :  £/..  dlic 
of  'bfoufln  tpibljmr;  Jl.fv»  bljuto^lfrniJc 
VHlcJe :  It.,  hyiublui. 
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Tonns  the  lining  of  the  incipient  gut,  while  the  lower  |»r- 
tion,  Tollowing  the  contour  of  Che  blutocyKl  wall,  beccnnes 
'  the  )^>lltless  yolk  ksc  oi  iimbitical  vesicle.  Its  connection  with 
the  upper  part  U  narrowed  into  a  canal — the  vitelline  duct, 
which  is  part  of  the  "  umbOical  cord,"  entering  the  embryo 
at  the  future  lUivcl.  (4)  Between  the  epiblast  and  the  hypo- 
blast of  the  embryo,  tlie  n1esot1b.1i  develops,  «plittin((  into 
an  outer,  parietal,  or  somatic,  and  an  inner,  visceral,  or 
Splnncliiiic  layer.  The  cavity  between  these  is  the  incipient 
Iwdy  cavity.  A  double  fold  of  somatic  mesoblnst,  caTr>'ing 
with  it  a  single  sheet  of  cpiblast,  rises  up  round  about  the 
embryo,  arching  over  it  to  form  the  amnion.  0%-cr  the 
embiyo  the  folds  of  amnion  meet  in  a  cupola,  and  the  inner 
layers  of  the  double  fold  unite  to  form  the  "  amnion  jtroper," 
while  the  outer  layers  also  unite  tu  form  a  layer  lying  inter- 
nally to  the  cpiblastic  blastocyst  wall.— and  termed  by  Sir 
William  Turner  the  subxonal  membrane.  'Hie  folds  of 
.imnion  are  continued,  as  the  diagram  shows,  vcntrally  as 
well  as  dorsatly,  so  that  the  subional  membrane  surrounds 
the  embryo  beneath  the  bbxtocpt  wall,  while  a  splanchnic 
layer  of  mesoblosi  grows  nnmd  about  the  h>iK)l)lastic  yolk 
sac.  The  space  between  the  two  layers  of  mesoblost,  which 
are  shortly  termed  somatoplcurc  and  splanchnopleure,  is 
obviously  continuous  with  the  body  cavity  of  the  cmt^yOi 
The  cpiblastic  outer  wall  or  trophoblasi,  and  the  mcsobhutic 
subzonal  membrane,  are  included  tn  Hubrcchc's  term — 
diplotrophoblan.  (5)  From  the  hind  wall  of  the  gut  there 
grows  out  a  hy[tobla3tic  MC,  the  allantois,  iniunuating  itself 
and  spreading  out  in  the  s|ia<:c  between  the  two  layers  of 
mcsoblast  As  an  outgrowth  of  the  gut,  homologous  with 
the  bladder  of  the  frog,  [he  allantois  is  of  course  lined  by 
hypoblast  or  cndodcmi,  but  it  is  covered  externally  by  a 
layer  of  mcsoblasl,  which  it  licarswith  it  as  it  grows  In  all 
placc^nial  mammals  the  atlanlois,  whidi  becomes  richly 
vascular,  imites  with  the  subr.onitl  membrane,  and  therefore 
with  the  exicrn.il  cpiblast  as  well,  to  form  the  fwUil  part  of 
the  placenta,  with  outgrowing  vascular  processes  or  vilH 
which  fit  into  corresponding  depressions  or  crypts  on  the  wall 
of  the  uterus.  [To  the  mcsoblastic  wall  of  the  allantots,  plus 
the  subronal  inembnine,  the  term  "  clionon  "  is  sometimes 
applied,  but  as  the  word  has  been  used  in  many  different 
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senses,  its  at>andonmciit,  except  pertups  in  human  embryo- 
logy, is  .-itmost  imperative.]  The  complex  union  of  allan- 
toil  with  diplotrophobUsl, 
Flubtcc-hi  cftlU  the  sUan- 
loidcan  trophobUst.  (6)  But 
in  the  hedgehog,  rabbit,  and 
some  other  types,  there  is  a 
mode  of  emt>r)'onic  nutrition 
between  that  atuined  bv  (he 
cpiblostic  trophobbxt  and  that 
efTcctcd  by  the  final  placenta. 
The  wall  of  the  yolk  sac, 
h)-pobtast>c  internally,  meso- 
bbstic  externally,  unites  with 
the  Ribxonal  membrane,  and 
becomo  th«  seat  of  villous 
processes,  which  through  the 
external  cpiblast  are  connected 
with  the  uterine  wall.  Thus 
is  Conned  what  Hubrechtcallic 
an  ocnptuloidean  trophobfaut. 
Neither  omphaloidcan  nor 
allantoic  villi  c^er  directly 
interlock  with  maternal  tissue, 
but  always  through  the  agency 
of  the  external  epiblastic 
trophoblast. 

(7)  It  i*  now  time  to  turn  Tor 
a  little  to  the  maternal  tissue. 

F)c.  337.— DevDlopmonturFocUl 
MenbrMic*.    (After  llKiiTit*i<>.| 


tJpfvmnt  flfun  iliom  np-crovih  knJ 
d«ni-(iowih  S  ■Bnion  (oldL  £„  cn- 
Ivyo^  9,/'.  anirinn  f oM ;  'l,  utuiiai 
p«<opn;  fl».,  >iitp>MkA]  fntnbraBa;  £-,  Ibr 

fill ;  ^,.  uinUlusI  twidc  a  vA  uc 
he  ilijUid  lliw  rrpnwiu  ■—dllW.  Ih* 
itork,  h)p»Mfiii.  Ttie  iRU^I  fifwciha*! 
ort^in  lA  alljifildiv  and  Iht  kmnHQ  Ibhh 
hiiva  indi,  'I'SaiMeiti  lifur*  ibovt  IniTfaw 
of  alUniiili  (aA>:  Iht  JwuolliDC  yelk  1U1X 
ir-J.I;  d.4.,  adinurfk  a,iir|  '-«-Br-,  «ub- 
Hoal  KHolnBa.  Tin  founh  Apn 
■bai  As  iwlvyv  span  riwn  In  ihb- 
towi  at.,  Btnuli;  ■>.,  4>iK,  Mint 
wmlhal  oonmciina  with  jnlk  ne. 
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The  embno  lay  at  first  in  n  groove  of  the  uluriiie  wall, 
moored  by  the  preliminary  blasUirynt  villi,  whirh  arc  a*  h 
wen;  pathfinders  for  those  subscilHcnily  dwcloped  from 
yolk  sac  and  allantoic  regions.  At  the  point  of  aHachment, 
the  mucous  lining  of  the  uterus  ceases  to  be  glandular,  and 
becomes  much  more  vascular.  As  the  enibryo  become* 
fixed,  the  blaxtocyitt  almost  eating  its  way  in,  the  outer 
epithelium  degenerates  and  disappears ;  below  tlii*  the  outer 
layer  of  the  mucous  membrane  becomes  spongy  and  exbibiu 
unique  blood  spaces,  forming  what  Hubtecht  calls  the  lio- 
pboepongia;  below  this  there  is  the  vascular  and  vitally 
active  remainder  of  the  mucosa,  less  modified  than   the 
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t,  Knhnre !  H,  f ui  lined  by  bypoblul  iknlcd ;  iba  duk  it  nuio- 
blan ;  f^uraUlkal  >akt(  «c  yelk  MCl  AC,  utnlstk  avliy: 
tun,  unniiM  jPrapw  1  ••<>  Hib«iiul  munlmiw :  ALC.  alliuiMic 
cavity  :a£,  Wuiiolii  j^.,  nuip  be  bcrt  ukm  id  nptcHiit  ih*  uily 

«plbli(tlc  (TOphoblaM. 

above  mentioned  sponge ;  below  this  again,  there  arc  the 
muscular  and  other  elements  of  the  uterine  wall,  with  which 
we  arc  not  now  concerned.  The  most  important  fact  to 
emphasise  is,  that  the  maternal  blood  in  the  spaces  of  ihc 
spongy  outer  layer  of  the  mucous  membrane  directly  bathes 
the  fcetal  tissue  represented  by  the  irophoblasl.  By  the 
activity  of  the  trophoblsst  cells,  the  nutritive  and  respiratory 
advantages  of  the  maternal  blood  are  secured  for  the  villi  of 
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the  allaniois  and  yalk  fac.  It  ought  also  to  )>e  in«niioned 
that  mainly  by  a  folding  of  the  uterine  wall,  the  hedgehog 
einbr)-o  is  virtually  enrloscd  in  a  maletnal  sbeaih,  homo- 
logous n-ith  a  fold  called  the  dccidua  rcScxa  in  human 
embryology,  and  analogous  with  a  similar  capsule  in  lh« 
rabbit. 

To  sum  up  : — 

(i)  At  an  early  titage,  a  wall  of  ejiiblait enclosex  an  aggie- 

gate  of  hypoblast  (t'igs.  134,  33^,  1.,  336^ 
{t)  The  ej>il)la)il  divides  into  an  embryonic  disc  and  an 
outer  blastocyst  wall,  with  fixing  and  nutritirc  func- 
tions,— the  irophoblast  (Figs.  aaj.  I.  and  II.). 
{3)  The  hypoblast  becomes  a  sac,  of  which  the  upper 
portion  lines  the  gut,  while  the  lower  part  foniu  the 
yoik  sac  (Fig.  225,  III.). 

(4)  The  mesoblo-st  divides  into  somatic  and  splanchnic 

layers ;  a  double  fold  of  the  somatic  layer  (akmg  with 
a  slight  sheet  of  epiblasi)  forms  the  amnion,  of  which 
tbc  outer  limbs  unite  as  the  siibjional  membrane,  and 
form  along  with  ilie  external  cpiblast— the  diploiro- 
phoblast.  Tlie  splanchnic  layer  of  the  niesoblast  is 
continued  round  the  yolk  mc  (Fie.  337). 

(5)  The  allantois  grows  out  from  the  hind  region  of  the 

gut,  l>cing  lined  internally  by  hypoblast,  exterrully  by 
splanchnic  mesoblast.  The  allantois  plus  the  diplo- 
trophoblast  always  forms  the  true  placenta  {Fig. 
21S). 

(6)  Part  uf  the  yolk-sac  wall,  uniting  with  the  diplotro- 

phobla.st,  al)>o  forms  an  efficient  but  temporary 
placenta. 

(7)  At  the  area  of  fixing  the  utcrineepitheliumdcgeneraicsi 

the  glands  disappear,  vascularity  increases,  lite 
outer  pari  of  the  modified  mucous  membrane  (or 
decidua)  becomes  a  spongy  tissue,  with  spaces  filled 
with  maternal  blood.  This  matenia)  blood  bathes 
the  trophoblast,  which  is  intermediate  between  it  and 
the  placental  villi. 
The  throe  modes  of  embryonic  nutrition  arc  as  follows: — 
{a)  At  first  the  maternal  blood  liathes  the  lacunx  in  the 
cpibhslic  outer  wall— the  trophoblast  with  its  pre- 
hminnry  path- finding  villi. 
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(ft)  An  cAicknl  yolk  sac  plncenU  futiatons  for  a  time, 
hut  di.xrciisc3  and  shrivels  as  (he  linal  atlnntoiclean 
placenta  develops.  The  mnccrnal  blood  in  the  spncc-s 
of  the  outer  layer  of  the  mucous  layer  of  the  uterus 
bathes  the  irophoblast.  I'lius  il  comes  into  indirect 
connection  with  the  va.siriilar  villi  from  the  region 
where  the  yolktiac  wall  unites  with  the  diiitotropho- 
bla«.  This  yolk  sac  placenta  is  found  in  Inscclivora, 
Chiroplcta,  and  Rodents, 

if)  The  final  placenta  is  allanloidcan,  it  replaces  the 
yolk-sac  placenta,  if  there  be  one.  In  Insectjvora 
Cliiropicra,  and  Rodentia,  and  probably  in  other 
cases,  the  trophoblaHt  i.i  always  intermediate  l>e[ween 
the  maternal  blood  and  the  villi,  and  is  the  only 
intervening  tissue. 
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THE  RABBIT  AS  A    TYPE  OF  MAMMALS.       65; 

While  Sir  William  Turner,  "  the  srand  master  of  |iUccnt;)1 
iiMearch,"  in  his  .-iming<:int:nt  of  placentas,  allols  the  IowkkI 
pincc  to  such  didfusc  Jorms  as  thai  or  the  pig,  passes  thence 
to  the  colylcdonary  of  Ruminants,  thence  lo  Ihc  iionary 
of  Carnivores,  and  finally  to  the  discoidal  of  monkeys  and 
man,  others  maintain  that  the  discoidal,  as  illustrated  in  the 
Insectivora,  is  the  mosi  primitive  t)-pe. 

To  avoid  confuiiion  it  may  be  belter,  as  Hubrecht  sug- 
^e*ts,  to  rcvcrl  lo  (he  old  Itrtns  caducous  and  non-caducous, 
mstead  of  deciduatc  and  indcciduatc,  for  all  placental  mam- 
mals have  a  "  dccidua,''  /.c,  a  specially  aciivc  region  of  the 


t'lO.  339,— View  of  ICmtiiyn  wiili  iw  fartal  iiicnil)ruie& 
(ATlo  Kbnnsu) 

mim^t  Amnion;  iL.  dwlnitlnl  T<>lk  uc;  n/.,  aIIuiK^;  d^iimb- 
■Dna)  mamhffboii  i.,  villi. 

mucous  membrane  of  the  uterus  to  which  the  embryo  is 
attached.  Moreover,  the  distinction  between  deciduate  and 
indeciduatc  is  one  of  degree,  for  no  sharp  line  can  be 
drawn  between  the  two  types. 

The  Rabbit  as  a  type  of  Mammals. 

The  rabbit  {I^pus  tunUulus)  is  n  familiar  representattve of 
the  Rodent  order,  to  which  rats  and  mice,  voles  and  beivsn, 
43 
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The  hcM  bcws  kiM  I  111  iimI  nn  wMn  wc  fcedjr  i 
alitc  The  hbclc  paicfa  «t  ifac  tip  oT  die  can  bd  the 
li  akStu  atjfcnt  or  «<xy  maaM  ia  the  wild  nbbk.  This 
•xMrml  car  n  characienitic  of  mMt  ManwnaK  *ad  coOecta 
Ibe  fMud  like  an  eu  mitnpcL  In  ibe  rabbit  it  is  loogi- 
todtnally  fntdcd,  Ihtn  and  tott  towards  ita  tip,  finn  and 
aattlipnfAiit  at  lu  buc  The  large  eyca  have  qrefids 
with  few  c^duhca,  and  a  third  cyehd  or  nictitating  man- 
tffaiM: — a  white  fold  of  »ldo — lies  in  ttic  anterior  cocmr. 
Thi*  ihi'd  ijyrtui,  whkh  also  occurs  in  RcfKiles  and  Birds, 
b  pfocnt  in  inmt  Mammali,  and  is  of  uae  tn  deaniitf;  the 
curon.      It  if  jdMMinl  in  Cetaceans,  where  the  from  olf  the 
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eye  is  bathed  by  the  water,  and  it  is  ludimcniary  in  raan 
and  monkeys  where  its  absence  is  compensated  for  by  the 
habidia!  winking  of  the  upper  eyelid.  The  nosCrilB  aie  two 
slits  al  the  end  uf  the  snoui,  and  are  connected  with  the 
mouth  by  »  "  hare  lip  "  clcfl  in  the  middle  or  the  upper  lipt 
In  front  of  the  mouth  arc  seen  the  chiscl-cdged  incisors,  a 
pair  on  the  mandibles,  and  two  pairs  on  the  prcmaxilla^ — 
the  smaller  pair  bidden  behind  the  larger  pair.  The  liist 
milk  incisors  aboi'e  and  below  never  cut  the  gum,  but  are 
absorbed  before  birth  ;  the  second  milk  incisors  above 
(there  arc  none  below)  are  functional,  but  are  shed  about 
the  third  week  of  extrauterine  life ;  the  same  is  true  of 
the  milk  premolars.  Into  the  toothless  gap  or  diastema 
between  the  front  and  back  tcclh,  the  hairy  skin  of  the  lips 
projecu  into  the  mouth.  On  the  sides  of  the  snout,  and 
about  the  eyes,  there  are  tactile  hairs  or  vibrissae. 

The  plump  trunk  is  separated  from  the  head  by  a 
short  neck.  The  tail  is  very  short,  but  in  the  scampering 
wild  rabbit  it  is  conspicuous  as  a  white  tuft,  which  some 
naturalists  interpret  as  a  directive  signal.  Beneath  the  base 
of  the  tail  the  food  canal  ends,  and  beside  the  anus  aie  the 
openings  of  the  perineal  glands,  whose  secretion  lias  a  charac- 
teristic odour.  In  front  of  the  anus  is  the  urinogenital 
aperture, — in  the  male  at  the  end  of  an  cnshcathed  penis, 
in  the  female  a  slit  or  vulva,  with  an  anterior  process  or 
clitoris— the  homologuc  of  the  penis.  ]]cside  the  penis  in 
the  male  lie  the  scrotal  sacs,  into  which  the  testes  descend 
when  the  rabbit  liecomcs  sexually  mature.  Along  the 
ventral  suifuce  of  the  thorax  and  abdomen  in  the  female 
there  are  four  or  five  pairs  of  small  teats  or  mammae 

The  limbs  have  clawed  digits,  fiw  on  the  fore  feet,  four 
on  the  hind  feet  \  they  are  very  hairy. 

SksH  and  Muiilti. 
The  skin  is  thickly  covered  with  hair,  and  has  the  usual 
sebaceous  and  sudorific  glands,  besides  special  glands,  such 
as  the  perineal  glands  beside  the  anus,  the  glands  of  the 
eyelids,  the  lachrymal  glands,  and  the  mammary  glands 
developed  in  the  females.  Between  the  skin  and  the 
subjacent  muscle*  there  is  a  layer  of  fatty  tissue,  known  as 
the  paniiiculus  adiposus;  it  is  present  in  all   Mammals 
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except  the  common  lure,  and  forms  the  blubber  of  whaler 
and  i«caU.  BcneAth  ilie  «kin  is  a  (bin  ^icct  ofmuM-lr  (the 
pannicuUis  camosas),  ami  when  ibis  i.i  removed  with  the 
skin,  many  vi\  tbc  muscles  of  bead  and  neck,  limbs  and 
Uunk  arc  disclosed.  [The  student  who  withe*  to  sttMljr 
ihL-se,  and  to  compare  ibcm  with  their  homologucs  in  man, 
will  find  practical  directions  in  Parker's  Zo«tomy\ 

TV  Shklen. 

The  bones,  like  (hose  of  other  Vertebrates,  are  developed 
either  as  replacements  of  prc-cvistent  cartihgcs,  or  indepen- 
dent of  any  such  preformations,  but  in  all  cases  through 
tile  afteiicy  of  active  pcrioslcal  membranes.  By  ihem-ictvcs, 
however,  must  be  ranked  little  sesamoid  bones,  wbirh  arc 
de\'elo|>cd  within  tendons  and  near  joints,  notably,  for 
instance,  the  patella  or  knee  pan.  There  is  rw  l>ony  exo- 
skclclon  in  any  mnmmalx  excq>i  the  armadillos,  unless  we 
rank  the  teeth,  which  develoj)  in  connection  with  the  slcJn 
of  the  jaws,  as  in  a  sense  exoskelctal.  The  vertebral  centn 
of  Mammals,  except  in  Monotremes  and  Sircnians,  have 
distinct  terminal  eniphyses,  and  the  name  dii^irKtness  of 
ossification  is  seen  in  many  of  the  larger  boites. 

VtrUkral  Coiumn. 

The  vertebrK  may  be  grouped  as  cervical  (seven  in 
number),  thoracic  (with  ribs),  lumbar  (without  n\»\,  sacnJ 
(fused  to  $up{>c>ri  the  ])clvi.t),  and  caudal.  The  faces  of  the 
centra  arc  more  or  less  flat,  and  between  ad>ac<.-nl  vertcbr» 
there  are  inter- vertebra  I  discs  of  libro-cartilagc. 

The  first  vertebra  or  atlas  is  ring-like.  Its  neural  canal 
being  very  large,  its  centrum  unrepresented  except  by  the 
odontoid  process  which  fuses  to  the  second  vertebra.  The 
ring  is  divided  transversely  by  a  ligament,  thn>u;;h  i)ic  upper 
pan  the  ^nTa^  cord  passes,  into  the  lower  t)tc  odontoid 
process  projects.  Tlie  transverse  processes  are  very  broad  ; 
the  articular  surfaces  for  the  two  condyhat  of  the  skull  are 
large  and  deep. 

'I'hc  second  vertebra  or  axis  tuts  a  broad  flat  centrum  ])ro- 
duccd  in  front  in  the  odontoid  process.  The  neural  spine 
forms  a  prominent  crest,  the  tran»'crse  processes  are  small, 
the  anterior  articular  surfaces  are  larf^'. 


THE  SKULL. 
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A  typical  lumbar  vencbra  will  show  the  cenlrum  and  Its 
epiphyses,  [h«  neural  arch  and  neural  spine,  the  transverse 
processes,  the  anterior  and  posterior  articular  processes  or 
lygapophyses,  the  median  ventral  hypapophysis.  ihc  small 
anapophyses  from  the  neural  arch  below  the  posterior 
zygapophyses,  below  the  anapophyses  the  posterior  intc^ 
vertebral  notches— -passages  through  which  the  »pinal  nerves 
pass  out,  and  anteriorly  a  similar  pairof  notchct.  There  ftte 
twelve  or  thirteen  pairs  of  rihs  which  support  the  wall  of  the 
thorax,  and  aid  in  ihc  mechanism  of  respiration.  The  lirst 
seven  pairs  articulate  with  the  breast  bone,  the  cighih  and 
ninth  arc  connected  to  the  ribs  in  front,  the  others  are  free. 
Any  one  of  the  first  seven  or  more  typical  ribs  consists  of 
two  parts,  a  vertebral  portion  articulating;  with  a  vertebra,  an 
imperfectly  ossified  sternal  portion  connecting  the  end  of 
the  vertebral  portion  with  (he  sternum.  Each  of  the  first 
nine  ribs  has  a  double  head— the  capitulum  articulating 
with  the  centrum  of  the  corresponding  vertebra,  and  partly 
with  that  of  the  one  in  front,  the  tubercle  articulating  with 
the  tianKversc  process  of  the  corresponding  vcrtebn.  The 
posterior  ribs  h.tve  no  tubercles,  and  the  C3i>ituiar  articula- 
tions arc  restricted  to  the  corrcs|ionding  vertebra;. 

The  sternum  is  a  narrow  jointed  plate,  with  a  large  keeled 
pra;sicrnum  or  manubrium,  then  five  segments  composing 
the  mesosicmum,  then  a  posterior  xiphistcrnum  ending  in 
cartilage. 

Tht  Skuil. 

The  skull  consists,  as  in  all  the  higher  Vertebrates,  of  two 
sets  of  bones, ^-cartilage-bones  preformed  in  the  cartilage  of 
the  original  gristly  brain-box  and  its  associated  arches, 
membrane  bones  developing  in  the  investing  membrane  and 
not  preformed  in  cartilage.  (The  names  of  the  membrane 
bones  are  printed  in  italici.) 

We  have  already  noticed  the  chief  characteristics  of  the 
mammalian  skull,  such  as  the  usual  persistence  of  sutures, 
thv  two  condyles,  the  bony  ]»ilate,  the  fusion  of  the  pcriotic 
bones,  the  articulation  of  the  mandible  vrilh  the  squamosal, 
the  fusion  of  the  parts  of  each  ramus  of  the  mandible  into 
a  single  bone  in  the  adult,  and  the  three  osaicles  of  the 
car. 


HAMMAUA. 

la  Hwtjiqt  die  A^  It  k  CMiicnieM  la  oMMidef  Uw  bdoa  in  nosf^ 

Ob  Ihc  poMttior  aufccc  erf  the  ikiU,  die  loraBeM  Wfww,  UwihA 
wfaicb  tbc  ipiul  oon]  imuc*  frota  ihc  cnaial  oviif,  b  iMUkled  br  t&e 
Iwi-aodnUl  bnnth.  the  n-aed|MUl  <«  iIm  tkki,  ll«  aapn-ooc^tel 
alWTC.  The  a-ocdpitab  fata  mom  of  the  ootipittl  ooodita,  Lm  Uk 
bHt-aoeipiul  oouriMcs  •  mmH  pan.  In  nwajr  naaBMk  ibc  «k> 
't~-t-"'t  aloMe  (om  Ibe  c«d]rlak  Fnm  eadt  cx^oocMtal  a  puticd- 
B^^^^  DfootJfc  ibesDads  lAd  i&  ■■iitfiiit  lo  Ibe  tfBpaiiic  Ibwi  <  iWitaiWwi 
M  Ibc  t»Moftb»/y«»/«<»K- beat  wfcidiMilecw  the  ei»Bmalt»<i<r«y  tithe. 

Aloog  the  raofof  the  skall  from  bcMad  foTMfdi  He  the  Mfm^crlpi. 
ML  Ae  pmiMtmlt,  Uk  fnniab.  aad  (ke  M«a&.  IktavM  the  M|m- 
oodFiial  md  the/vaHtob  tbet«  n  a  ««bII  Min^vwu/: 

On  the  wy  fcew  of  the  ikaU  «w  the  frtmakitin  bearios  the  iocaaor 
lottb.  Behind  ea<t^wnw>n'g«  k  a  wMxiBn.  bouine  the  prcDKilan  awl 
■tuUn,  beUwl  ihii,  alaac  the  ^goaiatic  m  teniparel  at«h  (nyettini 


FIC.  x]Ol— Side  new  d  RaUal'i  dcaU. 
/Wi^,  riamilU;.yj..  Mttl;ft-..6atil:  /^,  ^rirtrf:  J^. 


bencalh  the  otUl  b  ihe^va/or  iMbr  whkh  aaUe*  paatcfiotty  wiih  the 
ifuamfat.  TMa  lyfoaalK  ndi  brides  orrr  Ibc  ilnp  tempocal  fasa 
bchkid  the  ntiH,  and  twcs  fat  the  inKtiioe  (/  ouHcWh  aad  U> 
"ailMOMao-attulbry'  ttniciwe  ooaan  antade  of  MamumSm  m  Ibc 
AnooMcknt  rrrtilra  oaljr.  The  ifMSMdA  fann  a  nicMI  pHt  of  the 
poMnicK  ddc  walla  of  the  riuiU,  mmI  ailladatc  wfll  die  jMrwibfa. 
fnmtals.  wbilaqihaMMs,  and  iltohnaHi  At  iha  pealetiw  end  df 
ihe  fjTiDNWlk  acdi  H  the  laa(;itMaaal*  tfeocaled  glMKdd  aitl()r  )b 
which  the  inaiidiUc  moveo  Utckmnti  and  (brwanli. 

In  conneaion  viih  the  Aoo*  of  the  ikall  and  the  toof  of  the  moatk, 
there  He  6«n  baUnd  fararardi  the  fcOowiaf  caaipaaeiil*»— the  aiediaB 
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IniL-occipiinl ;  Ihc  median  baMh|ihcnoiil  wblrh  ToitgM  tho  fritoUary  bo^ 
in  a  doisal  dcpiosion  cilW  Ihc  bclln  lutein ;  Ihe  paired  aKipMntdda 
fiucil  (o  the  ndci  of  Ihc  buisphcnoid  :  the  mctlion  pmphcnoict  wliich 
Ibnni  llic  lower  initii^n  o(  ihe  optic  fotnnien  liciwcen  the  iwo  oibils  1 
Ihe  pftircd  ortnKMphcnaiiU.  fiucd  lo  the  UTCtphcnoid.  tuluicd  to  Ihc 
altfpMnoJils  and  aquarnoult.  and  tunooiidinjf  the  ojNic  forumcii  i  ihc 
•nvie^  fttrygHtit  tOM^tA  M  ihc  junction  of  latdtpfafiiddanil  All^plicn- 
oidi;  the  partly  vertical  falalititu  unilnl  R^iovc  to  the  pmphtnoid  anil 
behind  lo  ihc  pttrygoids  nod  aliiphcnoids,  tepamling  the  posterior  nauil 
posnces  from  Ihc  orblti,  and  uratinR  in  front  to  form  (he  ptnicrior  pail 
of  the  bony  pahite ;  Ihe  median  i-eiiical  mcKthmoid  cirlilnec  cilcnding 
!n  front  of^tnc  picsphenoid,  teparaling  the  iwo  aoMtl  cavitlct,  pottcriotly 

owiined  and  expanded  into  the  ticvc- 
Ukc  crihrifonn  plain  through  the 
airadurer  of  which  Ibi!  branchci  of 
the  olfaciory  ncrvra  paa  to  the 
noee  ;  the  paired  x-vwun  along  Ihc 
Tctilial  edge  ot  the  moethmoid ; 
and  latlly.  the  anterior  Uony  |»lalc 
formed  Irom  Innraid  eiiensiom  of 
auLxiliit  and  prrmaxilla. 

Wcdgvd  in  between  Ihe  occipilali. 
the  ifMiima/t,  and  the  bona  of 
ihc  hoiiiphcnrjid  region,  there  in  on 
each  Mdc  1  prrlnlic  Ikhic  (iirround- 
iiie  the  inlcmiil  cnr.  Jl  iMfiiHrs  from 
ihiiT  ofntri-s  in  Ihe  cajtila(;inoiu 
uuttilory  ra|Bulc,  and  cunsiili  of  a 
dcnie  pctruut  poition  encluiing  Ihe 
cBcntial  lion  of  the  cot  and  a  more 
citcma]  porous  matloid  portion 
which  ii  [uoduced  doimwaidh  Into 
a  nuuloifl  proccM  in  fionl  of  the 
paiflccipilal  pmccw.  Prom  each 
pcrinllc  a  lymfimit  bane  e>  tends 
otilvatdSiiiwollcn  basUly  inloa  tym- 
panie  bulla  in  which  the  tympanum 
or  drum  of  the  ar  it  ilrclchcil.  anil 
continued  aiound  ihe  exicrnnl  audi' 
loi;  moitiu.  From  an  apinurc  bc- 
tveen  Ihe  tvrapMiic  4ail  ili*  periotic 
the  Kumachlan  lube  (lasMs  lo  Ihe 
pharynx.  .SliclchinE  from  Ihe  iym|iaiiuni  lo  Ihe  fenetlra  ovolis  of  Ihe 
inner  ou  U  the  cliun  of  minute  ear  mucin.  Ihe  Ihree  linki  of  which 
— malleui.  Incua,  and  «tap«i — poanbty  correspond  mncctitely  to  the 
anicular,  the  ijuaiiiMc,  anil  hyD-trandibnlai  or  rohimrlU  uf  avM  ottict 
Vcitebmtcii. 

The  urbiti  are  bounded  antcrioily  by  Ihe  Utkrym^lt  and  Ilic  maxilla, 
nnd  above  by  Ihc  frmtiUi.     The  intctiitbital  *rpluni  ii  formed  above 
and  behind  I7-  the  otbitonphenoida,  below  liy  Ihe  ])TeipbeiKHd. 
Anodalcd  with  Uic  nlfacluiy  chambcn,  ate  Ihc  miaii  above,  the 


Piti.   zji.  —  Donol   view  of 
Kabbll'i  »kull. 

SJ>.,  T«p  «f  >upr»«ttipiul ;  It., 
interrwical ;     r.i   lyinpanlc}    /^•■, 

rrtiul:  Si-,  •qunoMl ; ».,  ftenial ; 
JunI :   A''..  ntHl ;  Fmx.,  pn- 

Ri&iitla. 
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vtmtn  benciih,  ihe  mcMhntoiil  in  the  mMtiui  line,  while  iiucmally 
thnc  on  Kvcnl  ihin  KrolMUce  luiblnal  bone*. 

Th«'  l«nrct  law  oi  mawiiHt  eoniita  in  luliilt  life  <t(  ■  tiivlc  bone  0( 
rdmot  on  each  tide,  but  Ihii  ix  formed  aiound  Mcckcl'it  catill«K>:  from 
Mwral  cmttcs  of  osrilicBlion.      Iti  caDAy\e  oorkion  Ihe  tfmiu'tiat. 

The  hvotd  liot  between  Ihc  famj  of  Ihe  mandible,  in  ihe  Uck  or 
themoatn,  nndcoiwfliof  amcdliii  "bmlx,"i>iid  Iwo  pain  of  hcnuot 
ewmuL  exlcndjii|[  backward*. 

TAe  AppendiaUar  Skektan  consists  of  the  bones  of  the 
limbs  and  the  girdles. 

The  pcctoru]  {{irdlt^ 
which  Nui>ports  the  fore 
limbs  and  n  itscU  attached 
by  muscles  and  ligaments 
to  the  vertebral  colmnn, 
virtually  consists  of  one 
bone — the  scapula  —  on 
each  side.  For  in  all 
Mammals  except  Mono- 
trcmes,  the  coracoid, 
though  n  distinct  ossifica- 
tion, forms  only  a  small 
(epicoracoid)  process  on 
the  anterior  margin  of  the 
glenoid  cavity  in  which 
the  bead  of  the  humerus 
works.  The  last  of  the 
metacorat^oid  is  seen  in 
Monotrcmcs.  The  cla- 
vicle is  also  much  reduced 
in  the  rabbit,  being  only 
about  an  inch  in  length 
and  vcr>'  slender.  It  is 
a  membrane  bone,  and  lies 
in  the  ligament  between 
the  scapula  .ind  the  ster- 
num. The  triangular 
scnpuln  has  a  prominent  external  ridgr  or  spine,  continued 
vcnlmll)'  into  an  acromion  with  a  long  mctacromion  pro- 
cess. The  scapula  'v>  usually  strong,  and  Ihe  clavicle 
ia  usually  pres(;nt  in  mammals  which  gra^  or  climb  or 
burrow. 
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Flu.  iia.  —  Under  sui&cc  of 
Knbbii'i  ikull. 

^r.  Front  JncUon ;  /./,,  mull  p94rri«r 
inuaen:  fmx,,  pnmullla;  wj..  Fiiuilta: 
/«.  i,  ihinl  pnmotu :  m.  ],  ihinl  nwUr  ; 

(on  dooAl  BiiridEt):  *jfn,  fntDnmlu  wi*. 

MH  «r  jqUAniCdAl  j    Jf.,ldU«v»uJ  :    /.A., 

lympeaic  bnJlii :  A.*.,  tMw^cdpiot ;  i>-i-. 
tauphnuld ;  fl^  pMirBsU  1  //..  foU- 
lint. 


THB  APFBNDICULAR  SKELETON. 
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The  fore  limb  consists  of  an   ii|)per  arm  or  humerus,  a 
fore  arm  of  two  bones — the  radius  nnd  ihc  ulna,  n  vfrist  or 

carpus,  fiv«  palm  bones 
or  metacarpals,  and  liVe 
digits  with  joints  or 
phalanges. 

Tlic  hoil  of  the  hmn«ni* 
work*  in  the  elcnolil  caviljr 
((icincil  Vfj  lh«  tcniMjb  aiuJ  the 
curncniil  ptoccra. 

When  ihi^  aim  of  n  mum- 
mal  ii  diii-cicil  oulu-aidi  « 
light  uieIcs  Id  ihc  Imdjr,  with 


Fid.  33].— Rnhbil'x  fate  Iq^ 

■ennkni  //..bumtrui;  Jf..ruliuti  ('..ulna: 
C,  cvpal  F<Eiun :  .V.C.,  ineueaiiiiil  nfkifl. 

Ih?  ]u1in  vertical  and  Ihc  Ihiimli  il|j[>cr- 
inuM,  Ihe  thiiinb  and  ihc  nuliui  uc  in 
n  p[«niial  position,  the  Ultle  finger  and 
Ihe   ulna  ore  in   a  poxlaxial    padlion. 
But  in  the  narmttl  poutlon  <if  t)ie  limb 
in     most     mammals, 
Ihe    tadiiii   anil    the 
ulna   erOM   one    an- 
other in  the  fore  aim, 
M)  thai   the  picaxiai 
mdioi  \\  ulcrnal   bi 
Ihc  il)>pc>  enil,  inlei- 
nal  ai  the  lower  cnil. 
The  typlral  mam- 
mal Ian  wrl«t  m  car- 
pus conidiiB  of  two 

tow*  or  bona,  with  a  wnlral  bone  U-lwccn  the  two  row*, 
rabbit  all  ihc  bone* — nine  in  nuinlvi— ore  piocnt,  ric : — 
Ulnore  or  Cundfoim.      Inlcniiciliiim  or  Lunnr.      Kji'liale  or  Scnjilioid. 

Cai|iale  5  iind  4  Caiinle  J     Cuijialc  2  drgialc  I 

or  Of  cit  or 

Uncifiirni.  Magnum.   Tiajicfuid.  TiapctLum. 
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/v.,  F*n)ur  ;  Tr.,  ihird  inxbinln  :  Kf.,  (plnliiriii 
w  lieul  or  tibik  (TO. !  Fi,.  iiuwmplm  Bl.ula ;  C, 
cataMon  ;  A„  aitncili» :  ml.,  mtiiiunaU. 


In  the 
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la  Maamali  Ibt  ba^  and  AJUi  cui»la  ate  ilwayi  faicd ;   Ibc  oat- 
Ink  i*  oAa  afcaoiL    In  iha  undeat  of  tfcr  flcim  maack*  (ben  ue 
often  tvo  touDoid  booei,  of  wliidk  th«  ulnu  u  dlletl  tlw  piiUocs. 
,  In  Uie  abbil  there  nc  fire  neUcupd  bonci  Mid  five  <Bgiu>  oadi 
with  tluec  pluhsce*  except  ihc  tbuMb  or  pollex  which  h«  bol  twa 

The  pelvic  girdle  is  articulated  to  the  backbone,  and  bean 
externally  a  cup-like  socket  or  acetabulum  in  vhich  the 
bead  of  the  thigh  bone  works.  Each  half  of  the  girdle — 
fonniiifc  what  is  called  the  iniKiminate  bone — really  cotuists 
(MT  three  Ixtnes  which  meet  in  the  acetabulum.  The  dorsal 
bone  or  ilium,  which  comsjwnds  to  the  sca{>ulB,  ariicutaiei 
trilh  the  Kftcral  vertebra: ;  the  pubis — the  anterior  of  the  two 
lower  bones— unites  with  its  fellow  on  the  opposite  side  in 
the  pubic  symphysis  ;  (he  two  bchia,  which  correspond  to 
the  coracoids,  extend  backwards,  separated  from  the  pubes 
liy  the  large  obturator  foramen,  and  expand  into  posterior 
iut)cro!iities.  The  iitdiia  of  mammabi  mav  touch  one  another 
venirall^',  but  do  not  fuse  in  a  i(ym])hyKiK  ;  the  pubic  sym> 
phyns  IS  almost  invariably  present.  Only  in  Celacca  and 
Siren ia  is  the  pelvis  markedly  rudimentary. 

The  hind  leg  consists  of  a  thigh  or  femur,  a  lower  leg  with 
Iwo  bones — ihe  lihia  and  the  fihula,  an  ankle  or  tarsus,  the 
sole  bones  or  meUUr^alx,  the  tocs  with  several  joints  or 
phalanges. 

Tbe  head  of  Ihc  femur  works  in  (he  aiccliiliuluni  uf  the  pdvii.  Near 
(he  heacl  are  Mveral  proceiKi  ur  itachanlcri.  b«n-in|>  fot  the  liucftloD  ot 
nuwlM;  In  the  nhhii  iherc  itiE  Ihrcr— Ihcijccii  irocliantcr,  the  IcMcr 
troehanicr,  and  (lie  (hint  tioclianicr. 

In  fiunt  of  (he  knvc  lliore  u  a  Mmmoid  Ixme — (he  knwpon  or  patella 
— and  imleriurly  there  arf  nnaltur  Inbellz. 

In  the  lower  ten.  the  libk,  vhich  corropcuuli  (o  (he  mdiiu,  im  pre- 
axiai,  and  in  the  nornwil  poiition  in(criot :  the  fibula,  which  correspoodi 
to  (he  utno,  is  pottaxia],  and  in  ihe  normal  poulion  cxieiuir.  In  the 
ial>bl(  the  tlbnla  ll  slender,  and  U  futcil  dii^ally  wllh  the  tiloa. 

In  (be  Biaminalian  Iar«u*  ihcrc  ate  (ou  rowk  nf  bcmn.  anil  a  ceotnd 
bono  inlcrpcjsrd  be(w«et)  Ihe  Iwo  rows  on  the  inner  or  tibial  side. 


Calcani-utn 
01  Fitnilare. 


"nuiulc  5  anil  4 
-Cuboid. 


Aiitra)[alui 

( =  Inlertncdiutn  and  Titnale). 

Centrale 

or  Navicular. 

1'arulc  I  Tamalc  >  Tanals  ■ 

or  <ji  Di 

Kx(enial  Middle  Intnwl 

Cuneiform.       Cuneiform.       Ouneifbnn. 


In  the  labUl  the  first  lansi  and  the  cotraponding  toe  or  haHiui  aM 
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winlli^    There  mc  thut  only  four  mcUIBtuli  anil  dl^Ih     Bwh  A\^\ 
hu  fMt  fihatangc*. 

Nervous  System. 
The  brain  bos  the  usual  five  parts — cerebral  hemisphcrcit, 
oplic  thalami,  optic  lobes,  cerebellum,  and  medulla  oblongata, 
but  ihc  cerebral  hemispheres  cover  the  next  two  parts,  and 
the  cerebellum  conceals  the  medulla.  Of  the  brain  mem- 
branes, the  dura  mater  linen  ihi.-  cranial  cavity,  projecting 
longitudinally  lietwecn  die  cerebral  hemii>[iht:re.-i,  and  Irans- 
versely  between  the  latter  and  the  cert^lnltimi,  wliik  the 


Via.   3J6,  —  Under    «urfiu«   or 
RnbUl's  bnin.     (After  Krausb.) 

tf/J..  Ollulary  IoIib  1  *.t.,  oHicloty 
lma(L/'..rruniitt  li>lia:rl..o|M!c<:liliHma: 
Ij-,  iorunililiuliiiii :  <■«.  nrtim  muoinll- 
Iat*  ;  J,  mK  of  ecutonolar  :  4,  raal  sf 
putidkl  i.  nm  tt  iHnniiul:  t,  ruM  of 
■liJuBiui  7-t,t>x<i>ofu«Ulu>d>uillu>ry; 
Ml.,  aoeculi  of  cxntxtlum ;  H.,  iiib  « 
bniMtadBl  Htm:  ic  ia«i>  at  mevij  9, 
Iba  line  nun  In  (ram  ot  (ha  roM  at  ih 
■hMpphanm(tal  u  itw  not  sf  i  :  f-v., 
)i«ai  VaivUI ;  U.,  MRiponl  lob*. 

vntciilar  (>ia  mater  invests  ihc  brain  closely.  There  are  tlie 
usual  iwelw;  pairs  uf  Cranial  nerves,  'llic  spinal  cord  gives 
off  the  usual  spinal  iiervea,  and  theic  is  a  sympathetic  syslon 
as  in  most  other  Vertebrates. 


)  : ' .  2  \--,  Dorutl  view  of 
H.il.1,1''.  1.1..111,  with  mo*!  ot 
ccrebulluiii  cut  kiiay.  (After 
Kbausk.) 

tffJ..  OlfuMrv  lebo :  f.Jt.. 
cmMiil  KtniiphMH :  W.,  oplic 
Wf^:  4.*.,  founh  HnirkI*  (w- 
pMtill;  tj..  •[Hiul  tanl:  uhiwi 
of  vofiu;  Cl^t  lobt  of  oadKlluOL 
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its  ilAUMAUA. 

Tbe  eeiebtal  h^DUpbecc*  s6  Ihe  nbtial  uc  *«ty  lUghlly  OMVolnied, 
uid  ihejr  k«ve  the  cercfadlmi  iniile  UBomcrcrf.  "Vusf  are  MOMCted 
tiUMVCTMly  bjr  •  bmd  bridc* — I'm  GorpM  cUlouan— ud  Iwiieath  thb 
iIktc  ik  *  ton^lndtnal  band  of  libra— Uw  Jurnii.  The  eorpM  caUnMdB 
i>  fOMlily  itiKloKd  by  gtMly  KpuMing  (he  btaiuplwr^  The  oalei 
wall  anaHiMtodlwaalcnMianaftbecaviijrMvcMricleafcach  iMnd- 
tpbnc  b  fafOMd  b)t  ■  ihkfc  bmk.  calki)  tbe  corpiu  uriMmi.  M>d  the 
iaicrnal  cavity  Uk*ic*edliv  a  p»M>iMiMcoin«ind|[e.  called  ilichlppo> 
cunpiu  awjo«.  The  veelnda  of  ihc  ceiebrum  cuminuaicaie  otlli  the 
thM  ventricle,  towMti  iho  optic  ihalinii,  liy  a  hmsll  ipetiuR,  called 
■he  rOTitmeri  of  Munco.  In  fiont  <A  the  hcmitphcm  two  dub-tha^ 
olfoclorj  loties  prujecl.  Th«  thin  cortical  layct  of  Ihe  cercbnun  fnnmli 
nf  |[rty  IgongliDnicJ  nutiec,  and  lo  doe*  ihc  thick  coipiu  sliialum.  while 
the  oeotn)  fait  «aasiiti  of  while  iuMter  (nerve  Gbici). 

The  [halamenecplMlan  ii  cnliiely  hidden,  bnl  pvct  ix^n  ai  luoal  lo 
tbe  donal  epSphTSU,  endinj;  bi  a  plneot  boily,  which  lie*  en  Ibe  aarfttt 
between  the  cerebtum  and  cmWllnni.  anil  to  the  ivntnl  (abmSbidlwi, 
at  I  he  end  of  which  the  )»l<ulaiy  bodjr  lie*,  kxliNd  in  a  (oata  od'  ibo  bad- 
tjihcnuiil,  Inunediairly  in  front  of  the  infimdibuluin  the  optic  nerrea 
CTo«a  in  a  chiarau.,  from  which  optic  tracts  can  be  Inued  lo  Ihe  optic 
lobe*,  ImmediUelr  behind  the  i  n  fundi  but  um  lie*  a  rounded  elcnuicn. 
called  the  mamilU^  body.  Anictlotly  on  Ihc  ventral  nuiue  of  eacb 
nde  of  [he  ihalatnencriihalon  ibcrv  it  a  rounilcil  »«eUiiig,  ealted  th« 
corpui  ^niculmum.  The  toof  of  ilir  third  vmlricte  is  fanned  by  a  thin 
memhrane  or  velum,  with  u  pleiui  of  blood  vcmcIv  In  the  anterior 
wall  of  the  third  ventricle  lici  Ihe  inutll  anterior  comniitnire,  arniu  Ihe 
third  Tcntride  Ihc  targe  middle  cximmiNiDtc  ninv  In  the  roof  of  tbe  Und 
pad  of  the  ventricle  lie*  a  NOill  pottcrlor  comniluure. 

The  opilc  1iilK»ar«  fourfohl — corpora  i|uiidri|p:niina.    They  are  ala»oM 

Siitc  ccnrvrcil  t^  the  cerrbiuni.  Brtwcrn  iliem  ttina  the  iter  conMCtiag 
c  third  •entricle  and  the  fourth.  The  llooi  of  Ihii  posaace  it  fanned  by 
the  thick  crura  cerebri,  which  coDticcl  Ihe  medulla  nilh  lie  ceretiruna. 

The  ccreliclliim  ii  divided  Inio  n  median  and  two  laieral  lot>c*,  and  U 
(nuked  hy  numeroiu  foldi,  monly  irantvcne.  The  two  tidci  ore  con- 
nected venlially  by  the  pant  Varolii,  lying  octoM  the  anlurioi  ventral 
snrliuc  of  the  medulla. 

The  medulla  oblongala  lies  benvalb  anil  U'liind  the  cnelirllum,  atwl 
Ii  eonlinucil  into  the  spinal  cord.  The  cavity  of  ilic  fuurlli  i«nincle  is 
roofed  Xtj  a  thin  memhTntic  or  velutn,  above  which  tin  the  cerehellum. 
On  Ihe  ventral  lurlacc  the  meilulla  ii  marked  \fj  •  deep  lisnirc.  Iionlo«d 
by  IWD  narrow  bandi  oi  ventral  pynunid*. 

Thv  spinal  cord  prcsenth  itt  utual  appcannee,  with  It*  dorwl  wnMny 
ticn'c  roott  with  icnnjilia,  lit  ventral  motor  nerve  ruott  apparently  with- 
eat  nngliaiaml  ijie  itplniil  ut-nex  formed  from  the  union  of  Ihetc.  The 
pnglla  of  the  Hiljaccnt  Kj-mpmhctic  lytli-ni  perhapi  belong  to  the  vcnlia) 
loolil  of  the  i|niial  nenet. 

A  lar|;e  number  of  nerve*  pa»  down  the  neck.  Of  these  the  follow- 
inc  arc  moil  important  ;— 

( I )  The  eleventh  cntnia!  nerve  or  ajiinal  nocciitory,  leaving  the  ikull 
with  the  ninth  and  tenth,  and  dittributcd  lo  (ha  mmelcK  of  Ihe 
neck. 
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(i)  The  twt'inii  cmtiiul  netve  oi  hypoglobsal,  \y\i%  :■<  <itBl  ctuw  to  Ihe 
niiilli.  Inilli.  ami  rkvrcilli,  lUTTiing,  howtvcr,  tu  ihr  muwlci  of  the 
lungui;. 

(})  The  lenlh  cnniul  neve,  Ihe  pneumoffulric  ot  vj^iw,  lie*  nutiidc 
the  caiotiil  a.itery,  anti  givnofla  tupcriot  kryiiEail  lollie  latynji 
with  B  dcpreuor  bnmch  to  the  heart,  an  Inferior  or  (ccuircnl 
titryngeal  which  loopi  round  ihe  hulx^bvian  nrlrry  anil  rutu 
forwaril  to  ihe  laiyni,  and  oilier  ncrvci  lo  the  hmi,  lungs  <ui<i 
gullet. 

(4)  The  cerriesl  part  of  ihc  tympulhelic  lying  alonpide  of  the  tmdiM. 

ttilh  twofpinslia. 

(5)  The  gi«a(  auncular,  a  branch  of  the  Ihird  ipinnl  ncive,  running  lo 

the  outer  eni. 

(6)  The  phrenic  neivc,  a  bmnch  of  the  fourth  cervical  nei««.  with  a 

branch  (ttxa  Ihe  lifib  anil  KMnetimeN  from  the  hiilh,  nioh  along 
the  backbone  10  the  diaphragm. 

For  <li;Uilt  la  to  IhoM  iHivct,  the  Mud«nt  «hould  consult  ihe  practical 
I'  Banuati  of  Manhall  and  Hur«t  anil  of  [^kcr. 

As  to  Ihc  icnie  organt  lilttc  need  be  taid,  for  their  CFneral  itnielure  i* 
like  IhnI  of  other  VerlehrMci,  while  the  detailed  pecuTiniilic*  are  beyond 
our  pretcnt  (copc. 

Tne  third  eyelid,  prcaent  in  all  nmmmali  cikCcpI  the  CcLoccant  an<l 
the  FVimales.  it  well  lileTelciiieil.  The  lachrymal  gland  (alnenl  in 
Cetpcta)  li«  under  the  upnt-r  Ird,  and  Ihe  tiili  are  kept  moiit  by  the 
MctelioQ  of  Hniflerian  and  Meibomian  gland*.  The  aternol  ear  ot 
pintM  ii>  conspictioiuly  large-  The  cochlea  of  the  inner  cat  it  large  BOrt 
ipilally  IwlMriL  The  nutrils  arc  cilcmnlly  connected  with  the  mouth 
o^  a  enamel erihlic  clch  li]>.  The  tongue  licort  numerou*  papilUc  with 
tMie  liulbd.    The  long  luits  or  vlbriiALe  on  Ihe  unout  are  taclifc. 

Alimentary  SysUm. 

In  connccdoo  with  thi;  cavity  of  the  mouth  we  noiici;  the 
dnncteristic  dentition,  ihv  hsiry  pnd  of  «kin  intruded  in 
the  gap  between  incisors  and  prt-molars,  the  long  and 
naitow,  in  pari  bony,  palate  separating  the  nasal  from  the 
buccal  cavity,  the  muscular  tongue  viih  its  Ustc  pspillx, 
the  glottis  which  leads  into  the  windpipe,  and  the  bilobed 
flap  or  epiglottic  which  guarcb  the  cipening,  the  (Klired 
apertures  of  the  Kustnchian  tuhes  <>|>ening  into  the  |)osierior 
nasal  pos^nge,  the  end  of  this  pa.tKigc  shove  the  glottis, 
and  the  beginning  of  the  phaijn^-  '-^^  obvioux  arc  Ihe 
organs  of  Jacobson,  paired  tubtilar  bodies  lying  enclosed  in 
cartilage  in  the  front  of  the  na&al  chamber,  and  communi- 
cating on  the  one  hand  with  the  nostril^  and  on  the  other 
hand  with  Ihe  mouth  by  Iwu  naso-palatine  canak  which  open 
a  little  way  behind  ihc  {KUtcrior  incisors.    Opening  into  the 
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mouth  and  bearing  thr  talivary  juice,  wimsc  ferrmMtt  allccs 
the  staichjr  pans  of  the  food,  nrc  the  duels  of  four  \a.m  at 
ulivar^'  glands.  Tlic  parotid,  which  is  larger  lies  lM;tween 
the  external  ear  chamber  aitd  the  angle  of  the  maiidiblc ; 
the  infnOTtntal  lies  below  and  in  front  of  the  eye  \  the  sub- 
maxillary lies  between  the  angles  of  the  mandible;  the 
cub-lingual  lies  along  the  inner  side  ai  each  ramus  of  the 
mandible. 

The  pharynx  passes  into  the  gultct,  and  that  leads  through 
the  diaphragm  (o  the  expanded  stomacli,  which  b  dilated  at 
its  upper  or  cardiac  end,  ai>d  nanows  to  the  curved  pyloric 
end.  Partly  covering  the  stooiach  ii  the  large  liver.  The 
fint  ponion  of  the  intestine,  which  is  called  Wit  duodenum, 
receives  the  bile  duct,  and  has  the  pancreas  in  its  folds. 
Then  follows  the  much  coiled 
small  intestine  measuring  many 
feet  in  length.  The  lower  cod 
of  the  small  inicainc  is  ex- 
[Mnded  into  a  stccutus  rotun- 
dus.  Here  the  large  occum 
—  a  blind  diverticulum  —  is 
given  off;  it  ends  in  a  fingcr- 
iikc  vcimiforro  appendix.  Its 
proximal  end  is  continuous 
with  the  colon  or  lirst  juart 
of  the  laive  intestine,  the  be- 
ginnins  of  which  is  much  sac- 
culated. I'he  large  intestine 
narrows  into  the  long  rectum 
in  which  lii:  tittle  fgccal  pellets. 
On  the  last  two  inches  of  the  rectum  there  arc  paired 
yellowish  glands,  IJcsidc  the  anus  arc  two  perineal  sacs  of 
skin,  into  which  open  the  ducts  of  the  perineal  glaiKla, 
whose  secretion  has  a  characteristic  and  stronj;  odour. 

Tlic  liver  is  attached  to  the  diaphragm  by  a  Told  of  peri- 
toneum—the gliitenintj  membmne  which  lines  the  abdo- 
minal cavity.  In  the  liver  there  arc  five  l<^'s.  From  these 
loljes  the  bile  is  collected  b)-  hepatic  ducts  into  a  conimoi) 
bile  duct,  which  is  also  connected  to  the  gall  bladder  by  the 
cystic  duct. 
'  'I'he  %-ery  diffuse  jiancreas  lies  in  the  mesentery  of  the 
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duodenal  loop.     Its  §cCTction  is  gathered  by  sex'eral  tul)es 
into  ihc  (lanccealic  duel  which  opcnit  into  ih<^  du(Mkniim. 

llie  mesentery  which  Hii|>|iurls  tht-  .ilini<;tilary  can.1l,  is  a 
douhle  layer  of  jKriCoiieuin  reflected  from  the  dorsal  abdo- 
minal wall. 

The  dnrk-rcd  spleen  (of  importance  in  connection  with  Itie 
blood),  lies  behind  the  stomach.  In  the  mesemerj-,  not  f»r 
from  the  top  of  the  Tif;ht  kidney,  lie  a  pair  of  ccelioc  ganglia, 

which   receive   nerves  from 
"  the  thoracic  sym[>a(hclic  as- 

tern, and  give  off  branches 
to  the  gut. 

Vcueular  System. 

The  four-chamlieTcd  heail 
lies  in  the  thoracic  cavity 
between  the  lungs.  It  is 
surrounded  by  a  thin  pcri- 
urdium,  and  immediately 
in  front  of  it  there  lies  the 
soft  thymus,  which  i.s  latter 
in  the  young  than  in  ihc 
adult  animal. 

By  two  superior  vcnsc 
cava:,  and  by  the  inferior 
vena  cava,  the  venous  blood 
collected  from  the  body 
enters  the  right  auricle. 
Thence  the  blood  [mttses 
into  the  right  ventricle 
through  a  cre*centic  open- 
ing, bordered  by  a  threefold 
(tricusind)  membranous  valve  (worked  bv  chords  tcndincsc 
attached  to  papillary  muscles  projecting  from  the  wall  of  the 
ventricle). 

The  right  ^-cntricle  is  not  so  muscular  as  the  left,  whicli 
it  partly  surrounds.  By  its  contraction  the  blood  is  driven 
into  the  pulmonary  trunk,  whose  orifice  is  guarded  by  three 
semilunar  valves.  During  contraction,  the  incuxpid  valves 
arc  pressed  together,  so  that  no  rcRurjtitation  into  the  right 
auricle  can  lake  plaie. 


FiiiajS,— 1)'..i fRalibit. 

(Fiotn    Kraii^k,    ill    )uit    ift« 

Cl,AtlI>B  BBRNABn.) 

I*,,  PyUviGiid  flf  aomafh  ;  t-Kn  fall 
liladdtT  vlih  Ulc  duel  wkI  htiitili:  ilucii  \ 
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The  pulmonary  trunk  divides 
which  branch  into  capilUrics 
There  I  lie  red  blood  corpuscle§ 
is.  freed  from  much  of  ihe  car- 
lionic   iicid    gn^  which    it    hs.i 
borne  away  from  tlic   ti^;Mi.-i 
The  purifit-d  blood  rvuim 
the   heart    by  two  pulmuu.u. 
veins,    which    unite    as    th^v 
enter  the  left  auride. 

Fia.  )^9l— 'CiTculatorf  nMcm  uf 
Ihe  lUbtni.  (In  part  nftcr  Piofcx»r< 
Pahkkk  and  KaAUiK) 

<>•)  Lctifpi  10  lichi—  • 

ij.  Eiiinul  eamld. 

ij.  lnl*rfi(J  cvolid. 

r^  JUinral  Jo^'l"- 
al-a.  EubclnvUii  uior- 
tti.r,  9ubcUviin  \tAn- 

fm.  PolMUHuiy  ■ntry(ail  tluKi)' 
Ap.  pDlnWfury  ytAa. 

L.y.ijA  nnnklb 
J.ar.  D«nal*Dru. 
4.1^  HrpMK  -iiiM. 

lum.  Anuriu  nacBWtk. 

£r^.  \An  natl  antrf, 
l.rjr.  Left  i»b»I  vrln. 
K.  Kidwy. 

l*iH.  SuBrniniic  UMiy  mhI  win. 
tj/r-t-  Common  iliAC  uury. 
<t)  I  Attn  M  kn— 

//.  and  ■/  I'Mwioi  and  (rOWilM 
riKiil. 
f^.  EmicnuJ  Juiiular  wn. 
^-  lnt«m*]  luruUr- 

S.y.C.  Supaiat  vcMtsva, 

A.^.  RiKhiiiuick. 

It.i\  i(iehiv«nrlct(. 
l.y.C  InlcriuF  rawana, 

r.r.«-  Rii;ht  renal  Mflvy. 

r.rjr.  Kicht  >«ml  nta. 

KfA  SuihwihU  boly. 

a0m^  Spvfiulic  ulrnr  and  irttn- 
<^.  llW-lumlw  nin. 
/h  Frfnonl  webp 


into  two  pulmonary  aitcriei, 

on  Ihu  walls  of  the  lungs. 

gain  oxygen,  and  tlie  bl 


From  the  left  auricle,  Ihe  pure  blood  posses  into  the  teA 
vcntricic  through   a   funnel-like  opening,  bordered   by   a 
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(mitral)  valve  with  two  membranous  Saps,  with  chordae 
tendinca:  and  musculi  papillarL-s  a&  on  ihc  right  sidci  but 
the  muscles  here  are  larger. 

The  left  ventricle  receives  ihe  pure  blood  and  drives  it  to 
the  body.  During  contraction,  the  mitral  valve  is  closed,  so 
that  no  blood  can  How  back  into  the  auricle.  The  blood 
leaves  the  left  ventricle  by  an  aortic  trunk,  whose  bnse  is 
guarded  by  three  semilunar  valves,  just  above  which  coronary 
arteries  arise  from  the  aortic  trunk  and  supply  the  heart 
itaelf. 

The  aortic  trunk  bends  over  to  the  left,  and  passes  back- 
ward under  the  backbone,  dividing  near  the  pelm  into  two 
common  iliac  arteries,  which  supply  the  hind  legs  and  uqs- 
terior  parts.  I'hc  arteries  given  off  near  the  heart  and  in 
the  abdominal  region  may  be  grouped  as  follows : — 

Tlic  aortic  trunk 

givci  olT  liic  innominBIc  atlcty, 

which  ilividet  into  (d)  ih(  riKhl  iiUhclnvUn.  cuniinucrl  u  the 
ImtchiHl  til  llic  (on  lisitK,  Ihii  fA'iiaa 
olTihe  fOTlclml  (11  llic  ><|)lniir  curil 
and  brain,  uiO  the  internal  mani- 
mnty  to  the  ven(r>l  wall  of  lh« 
lliortii: 
(A)  the  rlrht  airolid,  nmnins  along  the 
tr«lica,   lilvidini;   Into   the   right 
internal  ciraikl  to  ihc  brain,  and 
the  right  nrsiiiol  caroiiil  (o  the 
hcnil  and  face : 
[i")  (he  Irfi  cu«ti<l>  with  aitmiloi  cuurw; 
thereafter  the  aorta  pvra  off 

ihe  left  lubclavian  aitci)'.  with  bnuicha  like  the  lighl, 
the  ciclioc  arlciy  in  llic  liter,  (loninch,  and  i|)lccii. 
the  anierlnr  inci«nii,-ric  ti>  the  luncrras  and  iiitrtiine, 
the  renal  utcriet  la  the  kidneyt, 

the  sperniMiic  or  uvatian  artenei  to  the  reproductive  orsanh 
the  poiterior  mctentcric  to  the  recium. 
Ihc  fumbat  aiterio  10  ihc  puicrior  body  walU. 
The ootla  is  coniinued  IciininBlljr  in  Ihe  mcflian  locral  ulery  to  ihc 
tail,  and  latenlly  In  the  cciiiinioo  iliac*  which  fomi  ihc  fenioraU  uf 
Ihe  hind  \e^  and  |pvc  off  In   ihe  abtinnien  Mvetal  bmichct  10  lh( 
abdominal  walla,  lh«  pekic  caiily,  the  bUilder.  and  the  uleriu. 

7Jt<  Vtnnu  SyjUm, — The  two  lupcrior  veiiie  cant  bring  blood  fruni 
the  head,  neck,  thorax,  and  fore  limba;  Each  to  formed  ftom  lbs 
unioo  of 

a  subclaviim  from  the  ihonldei  and  fore  llinh, 
an  external  iugiiUi  front  thc&ccand  tsa, 
an  internal  jiicuUr  from  the  Insin, 
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•n  anterior  inlrnxnul  Ttom  the  sittcct  belWMii  the  ulterior 

ribi, 
■n  inlrmal  mnniinxry  froni  Ihc  x*enml  «s]l  titlhe  Ihofmx  ; 
anJ  ihi'  tight  lupcrioi  rcnu  cava  nlvi  trcciro  an  u^^gM  cardinal  i-dn, 
which  luni  along  Ihc  miil-dorral   line  and  <ollceu  blood   (ram   Ibc 
pi»lcrior  intetcMlo]  iqiacei. 

The  infciioi  t«oa  cava  U  a  large  median  i<ein  Ijing  boide  Ihe  •oria 
licncath  the  Uickbone.  Aaietiorl)-  il  it  tmbcddcd  In  ihc  livef,  and  tc- 
ci'ivi-i  t)iF  bcjulic  vciiu.  Thence  it  piusn  ihrougb  ihc  ilia|)hnf[in  Inio 
the  lighi  aunclc.  PiHtcrioil]'  the  inferior  vena  cava  has  ttic  following 
coraponenti  i— 

intemat  iljaa  from  the  hock  of  Ihe  ibighi,  forming  bjr  Lbeii  tuuoB 

the  bccinnin);  of  ihe  Inferior  vena  cava  : 
fcmoial  T«iiii  from  the  inner  liordera  of  the  ihighi,  oontinueil  Uuo 

exIFmal  iliaci  which  ojita  into  (he  Inferior  vena  cata ; 
paired  ilio-lumbara  from  Ihc  potterior  alxlominal  wallit  i 
tpermitic  or  ovarian  vein*  from  Ibe  reproductive  onpiu ; 
renal  veins  ftoiii  the  kiitneji. 
There  is  no  lenal  portal  syslem. 

Ilic  fooil  wliich  hot  lieen  dl,;e«ie<l— lenilercd  tolublc  and  dlSiiabl^~ 

poHc*  from  till'  fociJ  canal  iiitc  the  vatcular  tyitem  by  i*o  jiatht  ;— 

|a)  All  i-iccpl  Ihe  fnllv  material  it  absoib«d  t^wint  hroni  ihe«lani*ch 

uid  tntdiine.   TncK  unite  in  a  maifi  trunk  the  portal  vein.    Tli« 

componenli  of  the  portal  vclti  are — the  licno-eaitric  fmra  ilie 

Mninach  (and  alui  from  the  tplcen),  the  duodenal  from  the  duo- 

ileniiin  land  aim  fium  the  iiaiicmii).  l)io  anterior  mcwnieric  faoni 

the  intestine,  the  jwHterior  ineKnteric  from  the  rectum.    Tbe 

portal  t-ein  breaks  irp  into   litanchci  in  the  liver,  whcnn  the 

modified  blood  pft«e»  by  hepatic  vdn*  inio  the  tnferio  itli* 

cavo. 

1^)  The  bt  (laueK  thmu|[h   the  Inleiilnal  tilli   into  the  IjrmptMtic 

vciM'K  which  rnttiliine  to  form  a  thoracic  diici  which  run»li>r- 

wani,  and  opeiik  into  the  left  lubcLavion  icin  ai  iu  JiinctioD  iriih 

the  left  citeniu.1  jugular.     Htie  and  there  lie  Ijrmphatlc  ElaiKla. 

Stspiratory  Sytlem. 

The  lungs  arc  pink,  spongy  bodice  \y'\n%  in  the  thorax, 
connected  to  the  exterior  by  the  bronchial  tubes  and  llie 
trachea,  and  to  the  heart  by  blood  vessels.  The  |>Ieural 
membrane  which  invests  the  surface  of  tJie  lungs  is  td]t.-cted 
from  the  sides  of  the  thoracic  cavity.  When  the  lungs 
expand,  the  pleural  cavity  —between  the  two  folds  of  plvur.nl 
membrane— is  almost  obliterated,  I'he  thoracic  cavity  is 
scparaled  from  the  abdominal  cavity  by  a  partly  inutcular 
diaphragm,  which  is  supplied  by  two  phrenic  nervt^,  arising 
from  the  fourth  cervical  spinal  nerves.  By  its  contraction 
the  diaphragm  alters  the  sii^;  of  the  thoracic  cavity,  and 
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EXCftETORV  SYSTEM. 


thus  shareK  in  the  mechanism  of  rcKpitntion.  Al  the  top  of 
chc  trachea  lies  the  complex  larynx,  the  scat  or  ihc  voice  in 
mammals. 

Antninrl)'  Ihc  \iayn%  U  sappotlcd  on  iu  tiiia  and  benoiih  1>y  the 
[hyiold  cjLiiilu^i',  iK-hin'J  ihi>i  Iitt  ihir  lingJike  cricnid,  doiMltr  «>  ihe 
Clicold  atf  twi>  '.omM  ttiaiij^iilnr  uylrrK'iilx. 

Wilhiii  till'  larynx  there  lur  strflcliiil  tnembrsnciu*  btuidi — the  vocail 
ciuds.     Itciide  Ihc  laiynx  ii  ihc  [oircd  Ihyii^d  gUnd, 


Fic  3401— Vetdcal  Mclion   ihroush  Rabbit't  head. 
(Prqiu  It  ucdon,   with  help   fram   FAKKiiK^t  'laauany 

And  KraIi'ik.) 

/■Hr..  Pniiiaailla  viih  iocbon :  ".i,,  pun  ol  meHthauid  pvli- 
Irnn;  .',*-.  irmxilljiryturbtndU;  f-t-,  ethmoidal  IVTbJiMtJ^  m-r^,  p«rl 


tf  mcHlbmoliI :  d^/-.all^iOfTlo1»<if  nnbTBm;  M.,  prophuioiil  1 
■X.,  po»iikpii  of  Hirpumdliitttni;  Al..  buliphcnai'l  xOi  <lc(irtiii"ii 


corJ;  a^..  nuirpHHn;  /.,  cuIIk;  /r.,uaclHa;  i/r..  >|iiiIoiiu ; 
jnu-^H  xulrniOJillvy  ulivuy  ICUIhI  i  iJ.,  JUblilllUAltil^vAry  ctaiHt  L 
T-,  lOTitfuc  ;  //,,  Innwcnt  povtun  of  palolinc ;  ■■■,»  anlvw  cud 

Exirttory  Syskm. 

The  excreu>ry  system  includes  the  blood  RltaJng  kidneys, 
their  ducts  the  ureters,  and  x  reservoir  or  bhdder,   into 


REPROnVCTIVB  OitGAffS. 


the  Madder,  and  there  opens  b<.-st<)c  its  fctlow  !nlo  a  mcdi.in 
nc  called  the  uterus  mnseultnus.  In  maiiy  Mammals  paired 
diverticula,  knovni  as  scininal  vesicles,  are  connccti?d  with 


Fib.  341.— UrinogenitBl  ornni 
of  Mftle  KtbMt. 

K..  Ki<ln*v:  v..  »rnir< :  Ifl.. 
bbultloF  -.  T.t  Le4lL»  ;  4.4*  ,  twniifiLk 
ivrd  ;    <f^f-t    oifut     «(ij[liJ;r*rki«  : 

SUnJi ;  ^«-.  psInHl  ilandk :   ;.V., 
Hrvthn  :  <•€.,  arfnu  1  ■mmiwmji  : 

I'..  [MIU. 

the  endx  of  the  vasa  defcreniia,  but  they  are  not  developed 
in  the  rabbit- 


¥\a.  14a.— UrinogeniUloiipHu 
vi  Fcomtc  Rabbit. 

f.i,,  FiJIcpun  luU;  ().^.,  ovMucl: 

Ki..     ItMitnlLc  :    V-C,    BrllKVintlli 
vittLbuk  vt  cut  o]>w>. 
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The  uterus  masculiniiii  is  the  homologue  of  thv  vagina  in 
the  fenMle,  and  sccins  to  arise  from  the  Miillcrian  duati. 
It  opcnti  into  (he  urethra,  which  runs  Imckwarcls  rrom  th« 
bladder,  and  the  urinogeiiilal  canal  thus  formed  i^  continued 
through  the  penis. 

Ucsidti  the  uterus  miuculinuK  and  the  vasa  dcferentia, 
thca'  arc  lobud  prostale  glands  opeiiinf;  hy  several  ducts 
into  the  urinot{cnital  canal.  Behind  thv  prosiatc,  on  the 
dorsal  wall  of  the  urinogenital  canal,  lie  two  Cowpcr's 
glands. 

The  penis  projects  in  front  of  the  anus  behind  the  pubic 
lymphyGis,  has  vascular  dorsal  walb  (corpus  spongiosutn), 
stiff  ventral  walls  (corpora  cavemoM),  and  is  invested  t>)'  a 
loose  sheath  of  Klein — the  prepuce.  At  the  side  of  the  penis 
lie  two  pcrincjil  gUnds. 

(b)  /imit/f.~Thc  ovaries  arc  small  oval  bodies  abmii  three 
quartets  of  an  inch  in  length,  attached  behind  the  kidneys 
to  the  docsat  abdominal  wall,  exhibiting  on  tlieir  surface 
several  clear  projections  or  Graafian  follicles,  each  of  which 
enctoses  an  o%'um. 

The  ova,  wlten  mature,  burst  from  the  ovaries,  and  are 
caught  by  the  adjacent  anterior  openings  of  the  oviducts. 
The  oviducts  arc  modihed  Mullcrttn  ducts,  dilTi-rcntiated 
into  three  regions.  The  anterior  ponion  or  Fallopian  tube 
Is  narrow,  slightly  convoluted,  witli  a  funnel-shaped,  fimbri- 
ated motilh  lying  close  to  the  ovary.  The  nxtlian  |>ortton 
or  ulcnts  is  1)h>  region  in  which  the  fertilised  ova  l>ecome 
attached  and  develop.  In  the  rabbit,  the  uterine  regions  of 
the  two  oviducts  ore  distinct,  forming  what  is  catlod  a  double 
uterus.  In  moat  cases  the  uterine  regions  of  the  two  ovi- 
ducts  coalesce,  forming  a  Ucomuate  or  a  single  utcnix, 
according  to  the  comtMetcncas  of  the  fusion.  In  all  mam- 
mals alKn'e  Marsupials,  the  posterior  parts  of  (be  two  ort- 
ducu  unite  in  a  mcdun  tube^the  vagina. 

The  vagina  unites  with  ihc  nrck  of  the  bladder,  and  fonna 
the  wide  but  short  urin<)>;cnital  canal  or  vestibule,  which 

Tfns  at  tin:  vulva  ventral  (o  the  anus.  On  the  ventral  wall 
the  vriiitnilc  lict  the  clitoris,  a  small  rnd-liltc  hody--thc 
hoRiologuc  of  Ihe  ]H-nis.  On  tlie  dorsal  wall  lie  two  srt^I 
row|>cf's  glands,  and  there  ore  also  perineal  glands  as  in 
the  male. 


■ 


SUftV£Y  OF  Tits  OKDBRS  OF  MAMMALIA.      6m 

The  devclojiment  of  ihe  riTtitised  uvum  is  in  most  respects 
likt.-  (tmt  t)f  the  hedgehog;  (pp.  6.18-56).  [n  llic  guJnen-pig 
ind  some  other  Kodenis,  but  not  in  the  rabbit,  there  is  a 
rcmnrkable  inversion  of  the  germinal  loyers. 

There  is  in  the  rabbit,  as  in  all  Rocknls,  a  provisional 
yolk  Hac  placenta.  The  allantoic  piao^nta  ik  discotdal  and 
deciduate. 

Systematic  Sukvrv  or  the  Orders  op  Mammaua. 

I.  Sub-Oass — pROTOTHERiA  or  Ornithodelphia— Order 

Monoireinata. 
II.         „         — MitT.iTHRRiA  or  ntDELPHiA — Order  Mar- 
Kupialin. 

III.  ,.  — EUTIILKIA    or    MONODKLHIIA   OF   PLACBN- 

TAl.lA. 

Orders  of  Eutheria. 
I.  Edentata. 
I,  Sirenia. 
5,   Unijulnt^L 

HynicoiJca. 
ProbotcidM. 
Exlinct  MiV-ordem. 
\.  Ceiacea. 

Myitwoceli — halwii  cetnceanB. 
Archojoceli — Icxiinct  type*). 
Odonloccli — loolhcd  ceuccant. 

5.  Rodentia. 

SimuliddcntaUL 
DupliciilmtBta. 

6.  Carnivora. 

Cwninim  Vera. 

rinnlpellia. 

<>todcinl>|ntinct). 

;,  Insectivora. 

Iiueclivura  V'sm. 
I>«nni>p(«ni. 

8.  Chiroptera. 

McK>chirnp(enL 
Micmchlroplen. 

9.  LcmuioidM.      Kp,i„„t,,. 
10.  Anihropoidea.  J 


CflARACTERS  OF  PROTOTBERIA. 
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Subohsfi  Protothbria  (Syn.  OKNiTHonsLPHiA), 
Order  Monotrcmata. 

This  sub-class  includc-s  ihc  duckmolc  (Ornithorkyiuhus 
aneUmm),  the  spiny  ani  cater  [Edidna  a(ult-ita),  and  a 
third  form  resembUnf;  EMdna,  but  often  rcfcncd  to  a 
diittinct  genus  as  Proechidna.  These  are  the  lowc&t  Mam- 
miils,  and  exhibit  athnitics  with  Sauro])sida,  and  perhaps 
even  with  Amphibin.  It  need  hnrdly  be  said  that  they 
have  no  special  aflSnilics  with  Biids. 

Gtmrai  CharatUrs  of  Protolheria. 

The  duclcmole  is  found  in  the  rivets  of  Australia  and 
Tasmania ;    EMdna,    m    Australia,    Tasmania,    and    New 

Guinea  ;      Praeehidna      in 
New  Guinea. 

In  Omilhorhynckus,  the 
skin  is  covered  with  soft 
fur;  in  Eehidna  and  Pro- 
tefndna,  there  are  spines 
among  the  hairs.  The 
mammary  d^nds  in  the 
female  VmithorhynchHt 
open  on  a  flat  patch  :  in 
E<MdMii,  in  a  depressed 
area  around  which  a  tem- 
porary pouch  seems  lo  be 
developed.  Tiicrc  are  no 
distinct  mammIt^ 

The  vertebral  centra  bear 
no  epiphyses.     The  skull  is 


t.to. 


Fio.  »43.— I'ectoral  cinJlc  of 
Echidna.  IFiom  Eilmliiitjih 
Mutcum  of  Science  and  Ail.) 

&.,  So>|iu1b:  </..  divide;  ('.(/.,  ini«r. 


smooth  and  polished  as  in  Birds,  for  the  sutures  disappear. 
The  rami  of  the  lower  jaw  do  not  unite  in  front,  and  have 
no  ascending  process.  In  Omithorhyiuhiti,  there  are  true 
mammalian  teeth,  but  only  in  the  young;  in  Eehidna,  none 
are  present.  Cervical  ribs  remain  distinct  for  a  time  at 
least ;  the  odontoid  process  of  the  second  vertebra  is  long 
and  not  fused  to  the  centrum.  The  (meta-)  coiacoids  reach 
the  prarslernum.  there  are  also  large  cpicoracoids  and  a 
T-shapcd  iniL-rclaviclc.  the  whole  girdle  resembling  that  of 
Lizard     An  inlcrclavicle  is,  however,  recognisable  in    Im. 
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embryos  of  some  PUccnals  alsoi.  In  Omilhtrr/iyiKAus, 
ihc  ischia  form  a  loiig  ventral  syniph)'sis ;  in  Etkidtta,  the 
acetabulum  socket  for  the  rerour  b  incompletely  oesificd  as 
in  Birds :  the  pubes  txidir  epipubic  booes,  as  in  Haisupiab. 
On  the  «i<lc  or  the  tarMis  in  the  duckmote,  there  is  a  spur 
perforated  by  the  duct  of  a  gland.  'X)x\%  spur  perunx  in  the 
males,  is  rudtmcntar)*  in  the  rcroales.  The  male  Ethidna 
has  a  similar  but  smaller  spur. 

The  brain  is  smooth,  the  cerebellum  is  not  cwcrcd  by 
the  oerelmim,  there  it  a  large  anterior  conimtssure  and  the 
corpus  callonnn  is  rudimentary,  or,  accordii^;  to  Symington, 
absent. 

The  food  canal  cods  in  a  cloaca. 

The  right  aurkulo-vcntricular  valve  in  Omitkar^mkHS 
is  partly  muscular  as  in  Birds, 
while  in  other  Mammals  it  is 
membranous  and  is  worked  by 
na|HlUry  mtuicles  attached  to  it 
by  tendon-like  cords  {chordjC 
lendinese).  The  temperature  cS 
the  body  is  said  to  be  aliout 
»5-a8*  C 

Tbe  ureters  open,  not  into  the 
bladder,  but  into  the  urinogcnital 
canal. 

The  testes  remain  in  the  abdo- 
men. The  left  o\-ary  is  larger 
than  the  right,  as  in  Birds.  Tlie 
van  deferentia  Open  separately 
into  the  urinogenttal  canal.  So  in 
the  female  do  the  oviducts,  and  these  have  no  fringed 
fimbriated  apertures  nor  distinct  uterine  region.  The  penis 
is  attached  lo  the  ventral  wall  of  the  doaca,  and  its  canal  is 
not  continuous  with  the  urTrM>genita]  canal. 

The  ova  are  large,  with  abundant  yolk,  arMi  undOgO 
merobfaulic  segmentaiion.     The  I*ro4oiheria  arc  oriparoas. 

The  duckwiok,  ihick-bUleil  pltiynu,  or  waM  «>ol«,  lircs  bestdc  kkcs 
and  tmn.  It  twinu  bf  neua  of  iu  ion  UaibB,  wh*di  ue  mbbnl  as 
well  ■!  chvctl  i  It  croba  tet  aquatic  iuccu.  cramceaiu,  utd  wovim  In 
the  nad  at  the  l-ouom  of  ihc  water.  It  toUvct*  nuatl  anknalft  in  Its 
chedc  poBcfan,  afxl  chi-m  ibttn  at  Iriuiro  with  its  dcM  botny  ynr 


Fkl  344.— 'Pelvis  of  Eefa- 
iifaitL  (I'nMB  EitlolNir|!h 
MutcviB  ol  ScicBcr  «bJ  Art.) 

£;  Mcma ;  Bf,  cpljiiW  beaa> : 
At,  annbalaB :  */.  oteunag* 
fansoi    towMO    ^-*' 
JilAt/.). 


CHAMACrSKS  OP  PHOTOTHBRIA. 


m 


pUtMi  It  nuikn  \fnv.  tninow*  in  Ihu  InnU,  ndcn  with  loii  nprnlriet, 
ont  above,  unr  imikr  the  walcr.  Thi-  iiniiiuil  ii  ^\y,  inrl  ilivct  iiwinly 
when  alnripctl.  When  nbmit  to  ilcep.  JI  rolli  ilwlf  inlo  a  Inll.  In  ihu 
recpHCT  of  the  Imrrowt  Ihc  ejs*  "re  WA.  two  at  ■  lime.  Thi;  v^ 
mouurct  .ibnui  there  ijuaiieti  ■>!  an  inch  in  length,  and  Ji  cnclowH  In  a 
"*lt»ni!,  lli'iiblc,  whil(  tlisll,"  ihiou^h  whirh  thu  yuunft  animal  hot  to 
break  ilu  iray. 

The  lull  grown  duckouile  meosurci  rtiim  eichleen  lo  iwciity  Inchn  In 
lenclh ;  the  male  ilij^hlly  ciiMctU  hU  mntc.  The  fiir  i»  short  anil  soil, 
dart  bniwit  above,  li|[hict  licntnth.  The  jni>i  are  flnilened  lilte  the  bill 
of  a  Hack,  and  coveml  wiili  nakeil  kkin,  which  Uaaa  «  ufl,  icniilivc, 


collar  aroiinij  iho  rc^un  wheic  Iho  lull  j'llni  the  tkutl.  The  cy<s  are 
vciy  xmall :  there  i>  no  niernal  tax  lap  u'  |>inna ;  the  nniiifllx  lie  near 
Ihc  cn<)  of  the  upper  pari  of  (he  btll.     The  tail  n  sliuil  iind  Hal. 


Horny  plolci,  two  on  each  j«w  »bove  and  IjcIow.  »erve  ai  icelh  in  the 
ailulL   Tiue  Icclb,  three  oa  each  jaw  nboiv  and  lielow,  arc  cakilied.  Iwt 


Fit;.  146.— Uiinogenital  or- 
eitnt  of  Fciiule  Ouckiiuile. 
(After  OwnK.) 

Or,  onry;  ri.  oniftuci:  »/,  "mtr- 
ine"  mticHi:  ■.  ureicr:  r,  iTctum: 
ft*-,  IjlaiJilflr ;  mgt  urmDitrtiiui  *inuA : 
('.dam. 


Flfl.  34 1.  —  UrtnoDcnital  or- 
niuof  HaleDuckntole.    [After 

Bt.,  Bluldir :  B.,  umer  i  Kif..  *a* 
<l«tmn>  i  r.,  (Main :  ft.,  tlud  1  tL. 
du*c&:/.,  pcola  \  i^tj.,  flrii>o(anltal 
fatal, 

iioon  worn  away  and  thcd.  Tlie  dijrlti  are  clawed  and  connected  by  > 
web  which  is  bctt  dcvelapcii  on  the  «irr  limlM.  The  tpiir  birne  i>n  Ihe 
heel  lecmt  In  be  wmeiiiiirt  unr<]  w  n  wea|Kin,  nnd  a«  it  penialH  only  in 
the  males,  li  pcthapt  uteful  in  eonletli  l«tw«en  tiiaJi. 

Ethidna  and  iTtttkidna  li\'e  in  rocky  regions,  ate  mainly  noclumal 
In  haUl,  and  burrow  topiilly,  legi  foremost.  Thej'  feed  on  ant*,  which 
arc  caiiDhl  on  the  rapidly  mobile,  ilendcr.  rlicid  tonpic;  No  Iractsi 
of  tKth  DBve  OS  yet  been  Kien. 


SOMBg  ipina  ateat  IfakUjr  in  JUtitimt,  mrjK  ipatMlj  in  Prwtrkidim 
■BOMK  IMC  biln.  TlieoHMM  h  pofcMiged  into  ■  ilniiln  luhe.  The 
'  ftn  to(»,(«K>(rf«hich  ia  Aw>4Mm  wv  cAn  without  chw* 
■nil  (oncwlMI  rvdinKMan.  In  Stkidita,  Ihc  npp  kcm  la  be  IwcbMl 
in  ■  Icaqiatwiljr  developed  pouch. 

Sub«ilu8  Metathkria  or  DiDKLrarA, — Order  MonupUu. 

With  the  exception  of  the  N.  American  opossums,  iH 
the  Marsuptals  now  alive  are  nativt:«  or  AastnlawL  But 
fosal  renmns  fouiKl  in  Ruropc  awX  America  show  that  they 
had  a  wide  nuige.  Ax  there  an  no  higher  mammak 
tndisputably  indigctious  to  Australasu,  it  seems  m  if  the 
in-tuLition  of  that  refioD  had  occurred  after  the  Mareupals 
had  gained  possession,  but  before  hMter  mammalian  com- 
petitors  had   arrived.     Thus   sared   and    insulated,   the 


Flti.  347.'- Lower  j>w  ef  Kuiguoa. 
,  /-.■ 


>!arsup«alx  have  developed  in  many  different  dtreoioai^ 
the  families  included  in  this  order  being  very  diverse. 

Gfwral  CMaraciers  f/  Martwfiatt. 

The  brain  is  len  developed  than  in  placental  Mammals, 
for  the  convolutions  are  simple  or  abscrtt.  the  anterior  coio- 
mbsure  is  la^e,  the  corpus  callostun  b  small  or  even  absenL 
In  the  skeleton  there  arc  several  peculiahttcs  ;  thus  the 
angle  of  the  lOK-er  jaw  is  more  or  less  inflected,  except  in 
the  genu*  Tani/<t ;  there  are  generally  two  epipubtc  or 
*'  marsupial  "  bones  in  front  of  the  pubic  symphysis  ;  there 
Lare  more  inrisorri  nlxivc  than  below  (except  in  the  wombat), 
'and  the  number  of  indsors  souKtiiMS  ei^ceds  Ituvc  on 
each  sid& 


CHAMACTS/tS  OF  MAKSUPfAl^  t»S 

The  ftinctional  teeth  art-  those  of  the  millc  set,  with  the 
probnble  exception  of  the  third  (or  rather  fourth)  premolar. 
It  may  be,  however,  that  tlii*  suiXCKHioiinl  premolar  is  a. 
retarded  milk  tooth,  intermediate  in  position  t>clweci]  pm.  a 
and  pm.  3.  In  living  Marsupials,  there  seems  to  be  3 
suppression  of  what,  in  typical  placcntals,  would  be  called 
the  second  premolar. 

A  common  sphincter  muscle  surrounds  the  anus  and  the 
urinogcnilal  aperture,  ami  in  the  females  (except  kangaroos) 
the  anus  lies  so  much  within  the  urinogenital  sinus  that  the 
arrangcmcni  maybe  described  as  doacal  The  scrotal  sac 
containini;  the  testes  lies  in  front  of  the  penis.  The  genilal 
ducts  of  the  females  axe  often  separate  ihtou(;hout,  »»  that 
there  are  two  uteri  and  two  vaginx.  But  the  bent  jiroximal 
parts  of  the  vnginx  sometimes  fuse  and  form  a  ciccum, 
which,  according  to  the  degree  of  fusion,  may  be  a  single 
tube  or  divided  by  a  |)arlitiun.  Moreover,  in  Hcnnctt's 
kangaroo,  the  csccum  opens  independently  into  the  cloaca 
between  the  upertuies  of  the  distal  portions  of  the  vnginx. 

The  allaniois  may  be  small,  and  may  fail  to  reach  the 
subzonal  membrane;  In  no  case  is  there  an  allantoic 
placenta.  The  yolk-sac  is  large  and  adheres  to  a  portion 
of  the  subzonal  membrane  l-'rom  this  region  in  some 
esses,  t^.,  opossums,  non-vascular  villi  arc  given  off,  which 
enter  into  close  connection  with  the  glands  of  the  uterine 
wall.  The  embryo  is  aUo  attached  to  the  uterus  by 
amoeboid  processes  from  the  subzonal  membrane. 

The  gesution  is  short,  only  bstiiiji  a  fortnight  in  the 
opossum,  about  five  weeks  in  the  kangaroo,  whereas,  that  of 
the  marc,  for  instance,  i.t  about  eIe^-cn  months.  Except  in 
some  opossums,  there  is  a  marsupial  pouch,  usually  with  a 
forward  directed  apcriutc.  Within  this  pouch  .ire  the  teats, 
and  here  the  delicate  young  arc  nurtured  after  birth,  As 
they  are  unable  to  suck,  the  milk  is  forced  down  their 
throat,  the  mammary  gland  being  compressed  by  the 
cremasler  muscle  which  covert  it.  Vague  vestiges  of  a 
marsupium  are  said  10  he  ^-isihle  in  some  Placcntals. 

Jvmiffet  of  Afarsu/^a/s. 

X.  POLVpROrotHiNviA.  "Incitor*  numeniut,  small,  tulNiqiMi 
CaiiLnc*  larger  than  iha  InclBon.     Mulan  with  iharp  ciu^" 
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Funhr,  tKdclpliiMlx  i— AaacrioHi  iipmiMH.  dkSihawd  Aa«  the 
Lniieil  Slate*  lo  PM^tMB.  ariMial  id  h^Ut.  HMdUr  AraivoraM 
at  iavciiTunxK  In  dwt.  Tbe  Hmb)  hs(c  t*c  dlKtl*  with  clam. 
Ihr  haDin  i*  opfWttUr.  Tbt  tail  I*  procnl)r  loag  ^mI  <iA«a 
pwhCTpilt.  Tlw  Honach  b  tfanfdf,  Uie  ovcvm  snwD.  Tfas 
poack  B  raiEnll)'  iImm.  bw  Ihc  jxamf  we  oAea  onried  oa 
Uie  ladfc  M  ibe  noilMt,  thcit  uB*  coded  raoiM)  betL    DcMitiaa, 

MM 

Eumplet:— TW  Vbfumii  or  tialtertint   opOMaiB    {l>Ht^yi 

ibe  aiiuMk  Vapocfc  (n>>MHrM>)  wUdt  feedk   oa    fish   uul 

MdaBct  •urraalnak. 
FanSr  DMjiiridic :— Ciwafow  ««  idaaeliyniDM  Uatwcwfai.    Tbe 
Gmk  have  clawtd  ifipu>  &>«  is  frunl,  Iwr  m  five  WumL     The 
CMiiwH  Me  genenUf  luce.    T1>e  MOaacfc  h  ample,  tboc  ■  nu 


EuBtplet  :-Tbe  Tunuakn  wolf  {njfimtimu),  id  •kc-lil^e  rom, 
•■*• 
decliliao, <  aad  IIk  Drctwc  (Aunmrt.  dM-likc,  ttcn- 

(iiioa,  — .an  t|9«da1iHd  a> canuvorci^    Thcmemlien'Of  tb« 

EeniB  Fkatagah  an  vmM  and  nuectn^irau.  Tlw  UumM 
am  cato  (.Vr*wiM*>aw)  of  W.  and  S.  Awtialia,  a  mwcwluu 
■qinnrl'lilLc  anfaaaJ.  kas  a  iMig  tluead-IBte  ptottnwbte  leagnr 

taii  more  leeth  iliao  an*  whw  Manaplal 

jt»afa 
Fanjly  PetanKlidje :— The  buiroifing  faandicooUk.  bU  nnaU  in  ua^ 
iaseetiianw  m  onoiiDraBt  in  <li«t.  la  the  (ere  feel.  t»o  oc 
tbtcc  of  tbc  mUdk  toe*  aie  w«ll  dcvclofxid  ami  eharod.  ibe 
o(b«n  l^iac  rwtiotcMaiT  :  in  Ibe  UmI  (nt,  tbc  hallnt  It  UMall 
a>  alBcnl.  the  >ecmd  aad  lUnl  to«  aie  •etjr  ileadai  and  aajlail 
in  tbe  ante  IdM  of  Ain.  Ibe  fcwrlb  toe  u  ven  latgc,  tbc  ttb 
^Mlkt,-~lbe  wlwie  boi  i^jji  iljim.  that  cf  ihe  Itaa^roo.  The 
ftoaaeb  b  d«ple,  the  cxciim  not  kq(c    Qaridet  aie  abseac 

IkcnUlMO, . 

rmiiiilia       Till    tiue  baodiooM  (/WkmuJIm)  ;    Ibe  nalin  nafaUl 
(/bn^(Mb  Ayvfu) ;  ibc  nt-bke  ClUer^m. 

H.    DiriOTOIMKmA.      "  Indion   osuallr  -  ;    die  fint   largt  onul 

cutting  i   tbc  appei  ouiinci  gcnctalty,  tbc  loon  caalDC*  aluajn 
fsall  ai  alncni ;   ibe  nolan  with  bMUly  tiit^  ii  iilm  A  <n  tnuM. 
vend*  ridpd  crowns' 
Vtm^    nmu  i4iiiii|ii1a  :— Tbe    Wombau.    tmcstriat,    nxetaikn, 
aaetofaal  MiiiinMi.  iianNalal  bcat-bke  in  apfieafaaee.    Tha 

^enljrinn  b  rodoil-tikA  — .  th«  laalb  hM«  ptnu(c«  (MlfH,  tbe 
inebon  an  chacNdgoL  tMre  hciof  no  eaamd  eieept  in  btmL 
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In  t)w  cm  tiryo,  howcvpT,  (here  Hf  I' foui  upp«r  inciion,  of  which  Ihs 
Sm  MitiBtk.  and  livi-  lowtr  indiori,  of  which  ihe  ihird  pmiita. 
The  Ton;  feci  have  five  iliMincl  Mci  wiih  itrflng  n«iU :  (Behind 
fcci  hD>-c  n  nnall  niiiUcu  hallui,  ihc  (ccdiilI,  thiid.  nnd  founb 
tod  [unlv  uniic<l  lij'  hkin,  t)t«  lifih  •I^iinct.  The  tail  h  vay 
ihoiL     Tqc  Motnich  is  timplr,  the  ci.>c»ni  vciy  ihurl. 

There  i«  bii(  one  geiiut — i'haicoleuiyt,  with  three  iperin. 
Family  rhalangcridie : — Small  woolly  arlnroil  nocdirnnl  MflKupinlt, 
with  veBetniian  or  iiiiied  dieL  Tile  fete  feci  huve  live  <likllne( 
(od  i  (he  hind  foe[  hiive  >  large,  naillets,  oppmahlc  hilliii.  Ihe 
HOdDil  and  third  lo«t  aie  luurow  tuid  bound  together  by  skin,  the 
foiinh  and  fifth  free.  The  (ail  ii  )[enentlly  long  and  preheiuile. 
The   itomach   ii  umpic  the  cecum   uiually  \m^.       Aicr>|te 

).   I.  •■5.14 

(IcnljJ  tiinnula, ■ 

I,  «i  «•«,  ]■« 
Biomplcs:— The  |{rcy  Cutciui  \P\iUMtirr  ariaitaUfi  ;   Ttrjlfti,  ■ 
Hinall  tiiiiuhe^lilcc  .tnlnuit  which  fecik  on  hnn»,  and  ii>  reinatk- 
aljle  111  liMviiiK  nij  iii)!ccti<jn  i)f  the  aiiKlr  i)f  tlie  mundilile  Hiid 
DO  c:caim  ;  Ihe  flying  ph.ilan){er>  {Pnamtvi),  wilh  .1  iiatnehulo 
of  tkin   extending  uum  Ihe  little  linget  tu  the   nnkle  :   the 
Koala  or  ■' native  bear*  XPkaualanlts  iiitmii\,  a  relatively 
large  Ibrm  aboul  (wo  feci  in  Icneih.     An  eitinct  form,  Thy- 
liUaltB,  of  the  late  Tertiary  |ii:rii"T  iif  Auitialin,  i»  iiilere«line 
in  ilteitraonhiiLtry  dciilitioti.  llic  fnnclitiiul  leclh  licing  reducell 
to  large  frunt  inciiun  and  thiid  prciDulari.  Ixith  adapted  fui 
ihnrp  cutting- 
F«,nii1y  Macropodidrc!— K.ui(;a(oo(,herhivorouxtcrreitrialM*QUpiaU. 
J,  #1,  >,  4 

Oeniition. The  incitnrt  arc  nharp  anil  milcd  for 

1.  a^  *,  4 
cropping  herbage.     The  hind  leei  are  luually  latger  Ihnn  i)ie 
fote  Icgi,  and  Ihe  anlniat*  move  liy  Icopi. 
Examples: — Theirue  Kancaroo»,r^.,  JWairefirii  ihe  rai-kuicatiiok 
or  |>a(oroo«|Af<viuu);  ihe  uriiu' //f/U^^tviiMCnr,  with  afoot 
Approaching  lhi(  of  the  i'hahingrnk 
The  cnic  Kan^roos,  bclongiog  lo  (lie  gcniu  iMvm^iu,  include  ihe 
lari^ttit  living  ManiipiaU,  but  wilhin  (ho  genut  (here  it  much  diflerciice 
in  site. 

The  grey  Kangntoo  (it/,  ^unir'nvj)  liveion  thegtasov  plnint  of  Eastern 
Aiulialu  and  Tasmania,  onifis  u  tall  u  a  man ;  Ihe  Wnllaliiei.  al  home 
in  Ihe  biuh.  are  nnaller,  and  tome  arc  no  biraer  than  rabbiu. 

The  hind  limbt  acem  ditpioporlionatcljr  long,  and  arc  well  i-ulieil  (or 
npfd  bounding.  Tlie  long  tai),  nuried  horiMnltJIy,  heljn  (o  Inlance 
the  itooping  Iwdy  u  the  animal  !(■!»,  and  it  g^vea  oddidonal  btalnlity 
(u  the  erect  poie.  The  fnic  limlw  lomelimc*  come  to  Ihe  ground  Hhen 
the  aniinal  ii  feeding,  and  in  the  largcit  ipecia  they  are  Kjnag  enough 
to  throltlc  a  man. 

The  fore  limbu  beat  live  clawed  dipK,  the  hind  feet  have  unly  (uni. 
The  tiallua  U  abwnl ;  the  (otiKh  toe  U  i<ery  long ;  the  liflh  ii  almiK  half 
at  Inrce ;  the  third  and  Mcond  are  loo  (lender  lobe  uicfid  ^r  more 
•cratching.  uid  ait  bound  (ogethcr  by  ihe  (Idn  (qrndactylous|. 
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IcDglh  uf  ihc  hinil  limb  U  due  lo  the  tilna  and  fibula,  uhI  to  ibe  feaC 
The  clavicla  and  lore  onn  mc  wdl  derelopcil.  The  cpipnhlc  at  nut- 
tupial  bonci  oic  large. 

The   KanniOM  focA  on  lieibi|[e,  and  arc  otleci   iMmUd  down  on 
account  o(  llic  damage  which  ihcy  do  lo  OU' 
lures  and  CTXi|i<.     The  iliaipinciwnsaienilteJ 
(or  cropiiini;  the  urau  and  herbs,  which  the 
ridged  and  lubcrcuiaicd  tnolan  cnuh. 

At  the  Kangaroos  ue  cxdusvely  herlii- 
voroui^  il  ti  not  wqiriunK  lo  find  Ihal  ihe 
uoniadi  it  large  and  cnmjiln,  witli  numeioui 
tacculet  on  iti  u-Allh.  1'hr  whulo  gill  i*  loci);, 
and  there  u  ■  well-develop  ocviuii. 

AmonB  entioct  Mampialt  there  were  tome 
{tfpmtic  fomu,  noiaUy  Dtfr*hdtM  amnrtJii, 
an  lai^e  u  a  Rhinacero*.  It  U  likely  thai 
many  of  the  caily  M«h>u>Ic  nuunmaJi  were 
MarMcoalk  The  ilUcorery  uf  ciiinci  Thy- 
lacine-like  inaniu|nals  in  Iho  lower  Trrliarici 
of  iSilngonia  MigjtsU  an  ancient  land  conoec- 
tlan  between  AiulMlia  and  the  MuUiem  en- 
liemlty  of  Amcrfn.  No  other  fonit  Mar- 
fU|)dak  of  Aiatratiaii  type  arc  knows  iti  oihce 
paiu  of  (he  wotld. 

A  tnnnrkable  new  t)^  of  Marsupial  {fM»- 


rjKtei  MAl,>ei\  hat  been  reoenlly  diicovered 
1^  Dr.  K.  C.  Slirlin|-.     Four  or  live  cetvkml 
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youB{  Kan^anu 
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verlelme  an  fuaed,  (here  i*  a  keeled  (ternimi, 

and  a  bird-llhc  pclvU.     The  eva  ai«  rodl- 

nientaiy  nii't  Irncalh  ihc  ikln.     The  tnaiwplal 

boa«  are  Knall  nodula.     llicre  it  a  funetioAal 

pouch.     Tlir  animal  is  a  rapid  barruwer-     In 

Iti  mole-IOie  chametm  it  U  a  good  illiutraiiun  of  ~oonversenco,"  i^ 

the  appouuoe  ol  unriUi  stnietaro  in  fonn4  not  nowly  nlaleil,  appu- 

cnllv  in  mpome  to  dmilai  Mndliiuni  of  liir. 

MoM  p«l««nldn|[iMi  lerocniae,  lietidn  Manupiala  and  MooatreaM*. 
anuthei  order  of  non-plateiUal  ManimaK  —  the  Malli-lohcrmlMa.— 
wholly  ciitnci. 


Subclass  BuTUBKiA —Order  i.    BDKtaATA. 

This  ordc-r  includes  five  very  dbtinct  familiea  with  living 
rcpmtenutivcs  iIh:  sloths,  ihv  am  cAien,  ihe  annsdilhi^ 
the  oaiigoltru,  and  the  aatxi-vaika.  'I'he  lirst  three  CiniaiM 
■n  found  in  the  New  World,  ihe  bat  two  in  the  Old  World. 

fnncliuiMl  leetti  are  atwctit  i*  wvend,  Inll  Ihe  ant  eaint  (Mynae- 
eaph«|[ld*)  arc  Ihe  <iii)v  Iimwu  which  allU  appear  ttrtnly  c^leniuknii, 
WkiN  i«n«nl  the  i«ttn  are  uniliinn,  matify  abifltk  witboui  nwia, 
a»d  with  pMifaiaM  pwlp.    They  on  mver  devcfapad  on   iba  hn 
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pKTl  ijf  ihc  mcniili,  uiil  (hfjr  htvr  not  more  than  hinn  of  tnaincL  TUI 
icirenily  [he  Jcntition  mu  dcacnliMl  u  monophyndonl,  1>ut  we  now 
know  that  theic  w  evidence  uf  iwo  icii  in  Talaita,  OrytUnftu, 
DiUyfmi,  uiil  oiboK     It  U  the  milk  tcl  which  diM|)pou». 

The  modeni  Kdcntaia  are  s|)ecialist!cl  survtvun  ufa  wan- 
ing order,  whcwc  cxiitiL-t  Te])rci4entativ«x  seem  to  have  been 
Inrger  and  more  primitive.  The  modern  forms  usually  have 
piotcctivc  peculiarities  of  stmciure  and  habit  which  secure 
their  persistence.  Thus  some  aic  arboreal,  others  «rc  bur- 
rowers,  and  many  arc  covered  wiili  strong  armature  of  bone 
or  of  horn.  It  \s  interesting  to  observe  how  very  varied  the 
nature  of  the  placenta  is : — 

a  dome-shaped  disc  (dcciduate)  in  the  sloths, 

dome-shaped  or  discoidal  (dcciduatc)  in  the  ant 
eaters, 

discoidal  (deciduate)  in  the  armadillos, 

dilTuse  (nondeciduate)  in  the  pangolins, 

zonary  (dcciduate)  in  the  oard-varlu. 

Familits  of  Edentata. 

I.  BtodypodMi*— SloUu.— The  ihrectuod  sloth*  \,BTaJffimi\  and  Iho 

Ivo-tood  aletlB  tC^Wrr/u/l  BicmtiicioJ  10  ih«mt«t«of  South 

and  Central  Amerita.    They  »c  (h«  nunt  wbotoU  uf  numiiiids. 

pwsine  their  whole  life  amone  the  bcanches,  la  whtth  they 

tiang,  Mitl  along  which  ihej'  more  b«ck  downwardi.     They  arc 

MJitAry,  noclutnal,  TqptuMn  animoK  >lii|qmh,  u  iheii  name 

iiiei!e>bi,  and  with  a  very  flim  grip  of  life.     Their  ilu^vy  hidn 

haimonlMc  with  the  maun  and  lichcnii  mi  Iha  lirancnH,  and 

llio  |jrt>teciivc  reMmfalancc  i>  iacriuMd  L7  the  pmenee  of  a 

fffta  atgn  on  the  hair.     Theit  tooA  canuili  of  leaves  OLtid 

ihooii  nnd  fruili. 

The  bixljr  ii  covered  wilh  OMise  sha|xy  bur ;  Ihc  head  in  rounded, 

and  hcan  very  unali  external  ear* ;  iheloic  limtH  are  lancer  than  the 

hind  UnilM.  and  the  two  or  three  digit*  arc  bound  togclhtr  by  tldn,  and 

have  long  cliiwi  %  Ihc  tail  i<i  nidimcnlaiy. 

Conceniins  the  ikelelon  we  may  dcM  the  ^  roollcn,  nnenatnellcd 
Itelh,  the  incomplete  ryKOnulic  arch  with  a  docendine  prooeu  Cnun 
the  jueal,  Ihc  pretence  nf  clavicle*,  ihe  rod-like  appcatum  of 
the  emliryonic  ilaps,  Ihc  occurrence  of  nine  ccrvlc»1  Vfttehrsi  in 
Bradyfui,  rif  lit  in  CiiUr/vf.  ThP  Bdult  BraJyfta  haa  a  dsiiiicl 
coracoid  or  e^coratcoid. 

Ai  in  in«i  herHvorois  animali,  the  uomwh  t*  compUx,  but  there  ii 
nooccum.  In  ihc  limbi  ihe main  hlood  vonck  break  np  iAI«  nnmenwi 
parallel  Uanchca.    The  utenia  la  dmiilo,  Ihe  vtgiiia  wKim  lo  be  ottcln- 
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Order  a.  Sirknia— Sea  Cows. 

A  smnll  moribimd  order  or  slug^sh,  aquatic,  regctsrian 
Mammals,  in  no  direci  way  connected  with  Cetaceans, 
pofisil>ly  related  10  Ungutaics.  but  certainly  primitive.  There 
arc  two  living  t;t:nera,  Haiui>rt  (Dugong),  and  ManatHS 
(Manutee),  and  one  recuiitly  exterminated  (JiAjttina). 

The  Sirenia  are  sluggish  .-iniinal5,with  ina»ivc  heavy  bones, 
a  plump  body,  Kome  oil,  and  spnisc  hair.  They  arc  aquatic, 
with  fish-like  form,  no  trace  of  hind  limbs,  flipper-like  fore 
limbs,  no  externa]  ear,  vaUcd  nosirils,  networks  in  the 
arteries  (useful  in  prolonged  immersion).  They  are  herbi- 
vorous, and  like  others  of  similar  habit  have  a  chambered 
stomach,  a  long  intestine,  and  a  <u'eciim. 

They  arc  primitivL-,  and  with  this  fact  may  be  associated 
the  abdominal  testes,  the  absence  of  distinct  epiphyses  on 
the  vcrtebraj  (as  in  Proiotheiia),  and  the  sniall,  rather 
smooth  brain. 

The  body  is  (ith-hlce,  the  head  rounded,  the  skin  is 
thick  and  tough,  with  sparse  bristles,  mostly  about  the 
mouth. 

The  paddle-shaped  fore  limbs  have,  at  most,  rudimentary 
noils ;  there  are  no  hind  limbs.  The  skull  is  not  like  that 
of  Cetaceans.  The  nasals  ate,  at  most,  rudimentary.  There 
arc  no  canine  teeth.  There  are  che^■ron  bones  below  the 
tail.  There  ate  no  clavicles.  The  |)elvis  is  rudimentary, 
and  there  is  no  sacrum. 

The  brain  is  small  and  has  few  convolutions.  The  nostrils 
are  valved,  and  lie  at  the  end  of  the  snout.  The  small 
eyes  have  imperfect  eyelids,  but  have  a  niciicaling  mem- 
brane. 'Hiere  are  no  external  cars.  In  the  mouth  there 
arc  horny  crushing  pbtes.  The  stomach  is  chambered, 
and  there  is  a  cecum.  "I'he  ventricles  arc  separated  by  a 
cleft.  Tbcic  arc  reiia  miraliilia  on  the  arteries.  The  testes 
are  abdominal  in  position.  The  uterus  is  bicomuate,  Two 
teats  lie  liehijid  the  arm  pitt.  'l*he  placenu  of  the  dugong 
is  2onary,  wholly  or  in  great  part  non-deciduate.  The 
placenta  of  the  manatee  has  not  yet  been  investigated. 
The  food  consists  of  .Mgie  and  cstuarine  plants. 
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NMkNndnr  rednoad  lo  tix. 
Abonh«  Inctoon  (|>  bi  bMb 


'riw  asokl  wirn  nrrk  voi^m 
Tiro  liuk-like  irHHon  (ktsim  in  tl» 

IhrwOr.  ^ 

htotan  [f  or  I,  9  or  S  «  A 

pnmit'n,  wiili  pewlMwt  palp 

uid  Dd  oumSL 

Til— illl«innn>iil  ilnnwnlt. 
DmdIjt  aouibtd  Lul. 
NalllaidlgiH. 

//.  MitnmS.  E  AMnn  qoh« 
■AdRcdSoi:  tf.A|{wv.lndta> 
kixl  RkiKc  Ommw,  autwaid 
fran  tbr  hofflrc  o(  Ibe  taM  ipooidi 

E.  uid  N.  Anatnlia. 


Uobn  (1))  A  or  M  at  a  linr. 
onilom.  viib  wyaue  <«uiwlkd 
crtMFBi.  aad  toMKubttd  tnuw- 
vn>  BriBdlag  rtdgo. 

IVwiwrillip  tktUM  MnilgtM. 

T»a  twmdwL 

RndiBCMUry  Kub  oa  flMginL 

Ctacnmdivfdad. 

M.  Molralh  (wd  .1/.  muga/Miit 
trt  In  tte  nioullu  of  pot  rivtni 
whicb  flow  into  iSe  iraoical 
AtlMitie. 


The  getuixXJtffutatni  tootUox,  with  b  itiEhth- crooked  simmi, 

bcail  and  oran.  and  (hkk  n>k«d  ikin.     Sldlcr't  ^t>  Cow  {/f.  atlhtii, 
Ibe  cnl)'  knmra  ipeati.  fmn  the  Notlh  radfic,  Kcms  lo  havr  ' 
oternunalcd  in  the  lut  ccnliuy. 

The onlciviuonev much kivcr.  FoMillbrauoGmt  kiTrriiuyitrBU. 
The  mou  bnpnRiiM  in  ffaliilrriiim.  ■  kw  ipadallKd  Sireoun  thnu 
IboM  «iUI  exlaat,  f^..  uiih  tncci  of  hind  HibIk 

Order  $.  Usgulata. 

Hoorcd  Animals — Aniodactyla,  Pcrissodactyb,  Hyra 
coidca,  Proboscidea,  and  extinct  sub-orders. 

11)i&  large  and  somewtiat  heieroseneous  order  includes 
|iigs.  hipi>»pninmus,  cametx,  cattle,  deer,  tapirs,  rhinoceni^ 
horses,  li}-rnx,  elephanti,  and  some  other  distinct  types. 

Thc-y  an;  (crrvsirial,  and  Tor  the  tno«t  part  herbivorous 
animals.  Their  digits  gcTKrally  end  in  boors  or  at  least  in 
bro.-id  nails.  In  the  adults  of  th«  modern  tyi>cs  iht-rc  are  no 
clavicles.  The  teeth  arc  diverse,  the  milk  set  in  part 
|)er£istcnt  until  ttie  animal  attains  maturity. 

UiH(ulata  Ven : — Artiodactvla  and  Perissodactvla. 

In  these  typical  Ungulates,  the  feet  «e  never  planiigrade. 
In  modem  types  there  are  aeva  more  than  four  functional 
toes.  The  os  magnum  of  the  carpus  artii-ulatet  freely  with 
the  scaphoid.  The  brain  is  vrell  convoluted.  The  testes 
descend  into  n  scrotum.  The  uterus  is  bicornuatc.  The 
placenta  is  non-deciduaie,and  cither  diffuse  or  cotykdonary. 
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CiiBVMiTAim,  ud  RvmimaNM. 


Rhikoohm,  HoaiM. 


ThdUid  uid  foiinh  dijiu  n(  <ich  rmi 
U*  «llujiU>  dcviliipni.  111(1  |1»  line 
faalvuiK  ilic  fvDi  mil*  btiwocb  [licoi, 

Thv   pnriKilDf^   A'M    ntolajA  Hrp    uaiially 

b«. 
Thr  'fmiir  hunMhJnJ  rrnrhAnlvr, 

IbcAU  for  ihn  naiicutiir  anil  for   Ih* 
cubcilif-    Thr  C4l<a*ivmn  ho*  ui  u\\- 
CuLi'  fucr  fur  the  fibula, 
Thtklomoch  lemlK  tab^  nmptai^  andiht 

Tbc  mimm*  jm  fvw  and  Inijuiniil.  ur 

nuraamm  uiil  Abdamln^L 
Tha  plMMiu  l>  diHuM  df  lUtylnloiwy. 


Th*  lAird  diRii  occiipm  ihe  middle  «f 
111*  f.xpl.  1>  Ivgctl,  ■nJ  li  lymincaiaJ 
An  ibcir.  M  thai  lh«  line  bjitvinf  ibc 
(col  buecit  iht  third  dlgii- 

Thv  pnmAlanrvttaiblt  rhcuulM^ 

dono'lumlnr  otrEabnv 
ThefvnuF  buiftlhlnl  Inxhuilet, 
The  MUnnliu  tiaa  ■  brre  fac«L  far  lh« 

navicular,  a  4irka1]   \a\.9\   for   (b«  cu- 

boidn      ~rh«  ■-alb.dnFLjlft  dw«    NDL    Vti- 

<^uldie   wUli   ihe    IvMxr   end   of  Ihv 

libBlji. 
The  >ionijKh   L<  alvny*  flmple,  ■nd  Ibc 

rvcum  »  Ibikc- 
Tho  mamniK  an  alvayv  JnculoBl. 
TW  i-liirtnl*  b  Blwiiri  (UffUib 


Sub-Ordci  Artiodactila — Even-toed  UngiUates. 

Pigs  and  Hippopotamus  (Suina),  Camels  (Tylopoda)^ 
Chcvrotnin»  (Tnigulina),  and  Kumicuinu  (Pecuni)  like 
Cotlk  and  Deur. 

I'hc  general  characters  or  this  sub-order  hcivc  been  slated 
above  in  contrast  to  those  of  Ptrrissodaclyla.  The  equal 
development  of  the  third  and  fourili  digits,  the  fact  that  the 
premolars  have  a  single  lobir  while  liic  molars  have  two,  the 
nature  of  the  tarsal  bones,  tbe  tendency  that  the  stomach 
ha»  to  be  complex  (as  in  Camels  and  Ruminants)  iire  im- 
portant characteristics.  I'here  arc  others  of  less  obvious 
importance,  such  as  the  absence  of  thi:  atisphcnoid  canaJ, 
which  in  Pcrissodactyln  enclosi.-s  the  external  carotid  artery 
as  it  passes  along  the  alisphcnoid. 

There  arc  primitive  extinct  Aniodactyb  which  connert 
the  four  modern  groups— Suina,  Tylopoda,  Tragulina,  and 
Pet:ota.  Thus  they  unite  the  bunodont  types,  sutrh  as  pigs, 
with  cone-like  lul>crcles  on  the  crowns  of  the  molars,  and 
the  selenodont  types,  such  as  cnllle.  with  tlic  tubercles 
expanded  from  before  IxickwardB  and  curved  in  cicscenls. 

(iroiip  I.  Siiini — Ilip|X)iH,litiniit,  Ilgi,  luxl  I'cccnrici.  The  nialiuii 
aic  tiunuilniH ;  ihr  thidi  uid  fciutlli  mctitcu'pAlt  anil  mclnljusilt  nrc  tkiI 
eiiinriltldy  fu>.cil  m  '"CBiinoii  lionCT." 

lli|>l>"|K>laiiiiil.c  :  — llunc   Afiicxn  mBmrnaU,  incluilcil  In  ihc  xtnclc 

f;tfniit   Hiffojvtamtu.     Tlic]i   i-ji-tol    lliv   iluy   in   ihv  titvry  iiii] 
ikn,  HHHiiining  uid  iliving  well,  bul  ujyuallf  rcnvwuwf,  oil- 
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lhn>a{h  Ihe  (kin,  nicbliij!  1»ckwnrilN  lu  fei  lu  ihe  fettiMaid. 

%tA  Moidiam  forwatrlt  and  downwAKli  a(;ain,  ihe  lower  pftir 

wiih  a  more  or  lew  innillel  coun«  ',  PhofttAimu,  the  wul 

hog. 

DicwylliLi- :— The  New  Wtnlil   Peccariot  (Pi.tfy/nU  with  «  snout 

likr  llint  orjH^.  with  four  ii>cBon  Ihe  fuic  feel,  and  Ihiec  behiDd. 

The  inciion  are  moled.  Ihe  upper  caninai  nrv  directed  duwn- 

II  If 
ward],  the  denial  foimulit  a  — ■     The  slamnch  a  compht,  nod 

..       .  ^'" 

there  »  >  caxam. 

Croup  J.— Tylopodn,  eoniprisine  the  family  CanMlIdK — the  Cimci*  of 
ihe  Old  World  and  Ihe  LlninLii^  ••!  S.  America.  The  limbi  ue 
lunj;.  with  only  ihe  thiirl  and  (mirth  digiis  developed  :  Ihe  two 
metacarpals  and  metaiarsili  Ric  united  for  (he  pealer  part  of 
Ibeii  length,  but  Iherc  is  a  deep  diiilal  cleft ;  Ihe  tl[>t  of  Ihe  djgitt 


Fill.  IJI. — Side  view  uf  Simp's  ikull,  u-ilh  rooti  of 
Imck  iccth  eipoied.  (I-'rom  Edinbur[^  Museum  of  Science 
and  ArL) 

j;  tnuul ;  ■•  nual :  M,  tn'n*>>lll*  1  ■",  mullki :  /.  Jugal :  f, 
*qiuDioiAl  I  I,  Uchrymol- 

hivo  very  incumplele  hoofs,  and  ihu  animals  walk  on  a  Inuad  pad 
of  ikin  lurtoundinu  the  middle  phalanges;  Tlie  femur  it  long 
and  vertical,  and  the  knee  it  ■•>«'  down.  Of  Ihe  three  upper 
inci»ort  only  one  penii»li  in  iilull  life,  a*  nn  iu>late<l  iharp  tuulb, 
thotc  of  ilie  liiwcr  jaw  mi:  iuii);  mid  >it»[>e  furwuiJi.  There  are 
caolnu  liotliuUivu.ind  liclow.  ThcmulaitaioselModoiil.  The 
uiiiula  are  ruminant  in  habit,  and  Ihe  stomach  is  divided  into 
three  ehomlicn,  of  uhich  Ihe  first  two  ha»c  on  their  ti-all» 
remarkable  |iouche*,  which  Can  be  filled  with  fluid,  and  cloicd 
liy  tphinctcr  muwla.  The  (jimeliilie  oic  unliiuc  among  Mam- 
mail  ill  having  mil  InNteiid  ui  circular  red  blood  GOtpiuelo. 
The  placenlH  ik  iliSusc. 
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Eumpla: — Camrlui,  — ,  the  ArabUn  cmmd  \C.  irmm4m-iuA 

hai  ■  donal  hump  of  Gu.  the  Boclrian  ctmd  (C  Aw/n'itMM) 

"*> 
hat  two   tiumpt.      Th«  ernut  AfulitKia   — ,  Ineludn   the 

)'»t 
llnnu,  alpaca,  huanneo,  and  vIcuKiu  uf  S.  Aawrica,  tBwIlet 
toinn  ihnn  the  cainelfs  and  withoiil  humpi. 
Gicoii  J.— Tta^uliiia,  oompiiiing  the  hmtljr  Tiaeulidx  ot  Chcvratalns, 
TlicM  arr  Miull  antiiuil). "  intcnnediale  in  thdr  ilracluie  bwwMfi 
thi^  D«rr.  the  Camcli.  and  the  Hev"  There  are  four  Mm|>leio 
Coci  on  each  fool.  Iiut  (he  KComI  an<I  llflh  aie  ileiwtci  i  the  tMrd 
and  6aurlh  nieiacarpali  and  nictaiarwtU  ue  Aitetl  in  Trtguita, 
free  la  Ihc  other  geniu  DvrstAtratm ;  th«  £buU  it  complMe. 
Thtn  are  no  upper  inciagn,  the  upper  coniaei  ait  lone  ami 
poioMd  CB]>«ciall^  in  the  mdei,  Inc  lowef  CMdna  mc  Uke 
«u 

indttin,  the  denial  (nmiala  la  — .     The  OkeTTDtalnt  nminMc, 
and  Ihc  ilomach  u  divided  into  three  chamho^    The  [daeeim 


FK»i}S.—tilon»cli«f  Sheep.    <l''roin  Lkukis.) 

4.  QUatWw :  I,  niMiwi  or  fnanh ;  A  mkoliHn  n  IWMnaab 
but  1 «,  fMlMtitB  or  BHiy-fiUe>  l^  •banuin  <■  ratd :  /.  ttflMlaC 

i»  iUflWc>    The  ChevroCairu  are  often  conhMdlir  auociainl  willi 

IhcaiuikileatJUHr^aOwilh  which  tbn  hive  no  tpecUl  aUnilfcfc 

S|>e6r>  u<  7'iafHlMi  f^nkllcu  unoBg  llnni;  UnouUtet)  omu  In  ImIA' 

Mah)«,  India. and Cerlon;  osetpecicaof /.VmaMfrt'oMidfuquailc  ]4|>- 

like  haUi*,  h  fcuwl  on  Ihc  wni  coatu  uf  Africa. 
Gmap4-'-'  hcnra  or  Coijlopbon — ihv  inw  Kunlndois,  inrliHUiig  deer, 
(talTe*,  cattle,  «mI  tbnp.  <My  >he  ihM  bmI  fcunh  d%it»  ua 
eoaplMc:  Um  IuimI  ihifd  and  lowih  aMacMniali  and  aaeuunala 
Ibm  "ouinmi  hoKn."  In  ihc  wnbijoa  aroa  a«4  (henpt  the 
MCuatl  and  MlhnwtaoaiyaUapJnmalarfUaieabewp^wniloli 
ihr  MtefHl  latfMMpd  aM  tAk  nmmimwI  an  umuU*  and  «m]«i 
■Uw)!**'  ■  ■■'■■'I  I'M"*  of  <>»  Mih  maiaeanMl  and  Mccnd 
nKUianal  ptnlW.  IViiad  oalipaHiln  of  thr  noWal  bonn  src 
nminiHi,  ofped  wlih  homy  •hatha  tn  ihe  IbfvMra.  ilacldKNM 


4 
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«inl  mirictcd  lo  ihe  mala  in  almcui  all  Cerrtdic.  Ther*  are  no 
upjicT  indwin.  and  nuclj  upper  cnninci :  ihcic  arc  llitce  pain  of 
lower  incisor*  which  bile  ii|>>iin((  ihe  hiii(lene<l  gum  above,  and 
ihe  lower  canine  tcMOiblts  Kixl  i*  in  Ihe  6unc  wiU*  u  Ihe 

inciaon :   Ihe  lyplcal  dcniiilon  i*  — .    The  UOmoch  hu>  fcnir 

J'M 
dbtfnet  CMumnrnenbi.  a  pmllerliim  or  many-plio  in  addilion  lo 
Ihe  ibtc*  vUch  are  pietcnt  In  Camels  ami  Clicrtoiaint.    The 
plaecnu  ii  ootylnloniuy,  (he  villi  uccutrio);  on  n   nunilN^r  of 
diuinci  pMches. 
Tlw  procnsuf  runiiniliou  ui  dienrlni'  the  cud  cannot  be  uii'lcrslniHl 
without  coDudccini;   Ihe  complex  iiomoch.     Ii   a  divided  into  four 
chunbcn,  ihe  paunch  or  rumen,  the  honeycomb  IjRg  or  leiicutum,  the 
many-ptict  or  |>Mllciiumi  the  teol  or  ftbo- 
maiutn.     T)ic  twallvwciJ  food  putn  into 
the  c*|»dout  paunch,  Ihe  w&lU  erf  which 
ant   bn>l   wilh  close  sei  <illi  tctcuibllnf; 
velvet    |«lc.      After    ihc    iotA    haa    been 
lofiencd  in  ihc  paunch,  il  U  rcKurntated 
into  ihe  mouih  vrhtre  il  is  chewed  over 
■sain  and  mUed  with  more  aaliva.     Swal- 
lowed a  iiecond  lime  Uic  food  jiatsa  not 
into    the    |uunch.    hui   alone  a  muiculni 
ijroo\'e  on  ihc  upper   wall  of  (he  globular 
boncyainili  Ihj^  intii  ihe  Ihinl  chamber  or 
many-pltct.    Tliv  honeycomb  hac  o««s  \x\ 
n4ino  lo  Ihc  liexa|,-onaJ  pallem  furmcit  liy 
(he  inucou)  monbnine  on  iti  nallt.     The 
many-plies   or   pultcrium  ii  a  lilteri  itv 
ttaing  membrane  being  njied  inio  numer- 
ou*  leaf-like  fold*  covered  with   papilla:. 
Alone  Iheac  ihe  food  pattet  lo  the  reed, 
whkn  MCieie*  (he  jiatliic  juice. 
Corvids — (he   wiiluly  dlEitribu(ed    deei, 
alncnt  only  from  the  Ktbio|HSn  aad 
Auitialiau     regioni.      The    second 
and   lifth  digitt  are  uinally  repre- 
Mnic<l,  often  along  wilh  ine  dutal 
paiit  of    the  carmpnndinK    meU> 
carokU  am)  mcl.-itaniilt.     The  uiipei 
emmnea  arc  UBuatly  picsent  in  liuth 
aesea.      The  hornjt,  if  ptetenl.  ure 
anllcn,  confuted  lo  llie  maira  and 
deciduous  eacepl   in  the  (cind«l, 
where  ihey  are  |ioucwe<l   by  lulh 
*CAei>  and   are    i)enuan»rit.      They 
arc  I'Mt^iwIli*  (il  Ihe  fmiilal  lurio, 
ore  covered  durinc  ([tnwlh   by  vntcular  skin— ihc  t>elvel— and 
attain  each  year  lo  n  ci-riain  linili  of  growih.     After  the  tirevding 
irninn   iho  blood   tupply  ccaaes,  the   iclvct   diei  oif.  and  eA 


Pig.   2; J. —Side   view 

oTQiiraioiclee. 

i..  rHwal  and  ol  bumtriK ; 
*.,  ukcraiioD  |in>n«*  ■>f  ulna ; 
r.,  ndiu*;  iiu.j-4,  mctfrLar- 
pal4  J  and  4  fUMd  ID  fLirnt 
fkiuion  1»n«  \  n>f.5.  AAli 
mluiriial :  w^,  iwhluU- 
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uuiubj  sbMrpiian  oecun  mm  (he  baae.    Then  tbe  onilen  wc 

ihtdi  InrinK  a  slnni]}.  bom  which  >  frnh  Init  larger  Kiowib 

taioi  plaor  m  ih«  nni  yui.    The  «wli<M  (Lower  Miooene) 

dea  hJvJ  no  »nikn,  ihiu  rcacniUing  ]nM"*8  *'*<*  "^  '''°  ''"' 

you:  the  Middle  Miocene  doer  had  rimplc  aailm  wilh   noi 

inore  Ihan  iwo  hranclie*,  thut  rctemblinc  iwoijnai-old  nog*. 

Thut  ihrie  i*  >  iwnllelism  Iwlvtecn  ihe  hDitoiy  of  tbe  race  >nd 

llic  inilividiiiil  devnlupmcnl. 

Exkmala: — Ctnmt.  meat  Old  World  den:  /"MfMr.  (he  reindcttr: 

Aka,  (he  elk  ot  mooie ;  Caf'riahii,  the  roe  ilecr  i  J/tttrvftlti, 

(he  warn  ilccc.  wiihuui  antlen ;  Mtiiiu$.  (he  musk  deer,  iviili- 

mii  aniletii,  wirh  long  sharp  u|>jier  ouilnet  in  (he  malei,  wiUi 

large  niiii>k  (;1aiiil». 

Giraffidir.  tejirraf nied  ■yolcly  liy  (he  ginlTe  [Gintfii  tamtiefanMii},  ■ 

lall  Elhiopiaii  animal,  nutalile  Ibt  ili  enonno(ul}i  clonipilcil  cervi- 

CBl  ver(ebm,  and  [or  iti  long  HcnlB.     !(  u  gtmriuut  in  iM  halNts, 

Mid  feedi  on  the  leave*  nf  Ircci.    The  latcru  digid  are  entirely 

aUcni.    The  Jeninl  rorinula  ia  ^^.    On  both  teaet  there  fttc  on 

(he  (iirohoiil  thorl  ercci  pruminencn,  over  Ihe  union  of  |Mri«t*b 
and  rcDntoU,  which  aiiiL-  irum  Iwo  diitinci  cenlm  of  ouilialioti. 
bul  aftErwardi  fiuc  with  (he  ikuU.  In  fronl  of  (hew  there  » 
mediAD  prolubcrance. 

Antilocapridie,  icprcMntoJ  solely  Liy  ihc  ]itonghi)Ck  [AntHotafra 
MKMrUttno),  a  Norlh  American  aninial,  wLih  iiiml  of  tllr  char- 
acteriktici  of  Buvidn^.  bul  with  dcddiiou.s  nntl  liranched  )iF>r»9. 

BovidiV,  Ihe  hallow- homcil  Kuminanu.  widvly  diitiibuied  ihioughoul 
the  woild,  hut  withoat  Icdigenoiu  icptcicntaiivci  in  Australia. 
South  Of  Ccntnl  Ainericn.  The  tccond  and  fifili  di|£iu  may  be 
completely  alwent,  but  are  often  rcpreuDled  by  minute  hoofa  and 
«up|i»[(iiie  noduln  of  bone.  The  lionlal  appondun.  If  prtaeaU 
ConuM  uf  a  solid  bony  core  crowing  from  Ihe  fruntu,  and  a  much 
longer  shdih  of  hom,  whlcogrowtai  the  b«iKiuit  it  worn  away 
a,t  ihe  lip.  They  arc  nol  deciduouii,  and  are  uiually  procnt  In 
both  tcKO,  thoueh  lai|!«r  in  ihe  inalet. 
Example*  i—Aitlibff,  CntUa,  Cafra,  Otrii,  Bti. 

Sub-Ordcr  Pkrissodactvi-\. 

Morses,  Tapirs,  Rhinoceros,  snd  ihcir  extinct  Allies. 

Thi:  middle  or  third  digit  of  fore  and  hind  ftct  is  larger 
than  the  others,  and  symineuical  on  itself.  It  may  be  the 
only  complete  digit,  as  in  the  horse,  or  it  may  be  accom- 
panied by  a  .second  and  3  fourth,  and  in  the  fore  footoT 
Tapir*  and  .tome  cxiincl  fornm,  by  a  fifth  digit.  No  modem 
forniK  have  any  trace-  nf  a  tin>t  digit.  Thv  astragalus 
lias  II  pullcy-likc  surface  above  for  atticulation  with  the 
tibia :  its  distal  surface  is  flattened  and  unites  to  a  much 
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neater  extent  wilh  the   navicular  than  with   the  cuboid. 
The  last-named  lione  is  of  less  imponancc  than  in  the 


Fig.  aj4. — Siile  view  at 
lower  pui  of  Pony's  fere 
leg.  (From  Eilinburgh 
Nluicuin  of  ScieiKX  and 
An.)  > 

K  DiiUl  md  of  bumcn*;  o, 
decnnon  p»c*iA  of  ulna :  f'* 
ndLiu  L  Iff  K«pb<iU;  /.  lunihr; 
(,  ciiQclform;  m,  o*  mUEUUiiL; 
■«,  aheEfarm  ;  /,  pitifnnn ;  mc-  (, 
t^jntoirourtbiiww^jrial;  mt- y 
(Dtnl  mclftcvpBl-  '■  taaDiaMi; 
■■  *>  Ji  pbaUnco  of  Ihinl  digii. 


ml.  3. 


P^  3- 


Fin.  1S«.— Siilc  view  of  unklu 
and  root  rf  tloiie.  iFtom  Eilin- 
burgh MuRum  of  Science  and 
Art.) 

A.  AumealiH;  r-,  i-alfnnviMr* ;  iVr, 
fUl>«d;  wf.  1.  Ibjl^  Iilfli4(aiul;  ml-  kt 
/t.  i|.iJijl»iJBrvo(lliinlili»il. 


.\riiodnciyb.     The  cnlr^rieuia  does  not  urticulait-  with  the 
lower  or  disi;il  extremity  of  the  fibula.     'I'he  femur  ha«L  «. 


gall  bladder. 

'Il)e  mamina:  arc  ingu| 
non-decidiute. 


rimily  TapiriiLi^     In  the 
inu  mMiiu,  bul  Ihe  third  I 


Fifl.  15&— Side  view  of 
twih  expoMd.  (Fnim  E< 
uiil  An.) 

/".  Pariaul  1  y,  IreniAl ;  a.  n 
J,  JiiS*l  i  /.  hcbrynu] ;  f,  uina 
cuiDt ;  C,  esndylc. 

fifUi  d^l  scwGcly  [cacha  I 

iligitc     The  tientilicoi  o( 
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CnMtt  Kuirl  hu  tc^cmtly  Ibun-}  in  ihe  embryo  of  the  home  Ibft 
lUTlimcntt  uf  ihc  three  phalanEc*  nf  ihc  icfoiul  and  bunh  digil*. 
The  viesligiAl  phnlangn.  of  ihctc  iligit^  tulrtcquenlly  Tiue  with 
one  another  kbA  with  llir  rr«]K?rliif  tiic:tftmi|iaK  <>i  incl-ilntuls^ 
formini;  "hntlont"  at  (lie  rwi  of  the  (.[iliiiu.     The  ulna  and 

314} 
fitiiila  aie  ineomplcic.    The  dentition  ii  — -.  but  ihe  firtt  ptc- 

mnlar  \%  ruilimentory.     The  oiluC  ii  compltleljr  siirroiinded  by 

Imnc. 

Tht  iiiijdcrn  hoii«  ore  connected  Ijy  a  rcry  complete  wrict  cif  f«nn» 

with  ancctiml  Eocene  type*.     The  profireu  ihows  an  incteaiw  of  site, 

a  diminution  in  the  number  of  ilieitt.  an  iiiCTeau.tl  falding  of  (he  back 

leelh,  nnti  other  diffcreoliatiani.    The  Eucene  FkmataAu  ii  ngatded 


KlC.  3S7' — '''"'  "f  lli'fw  iinil  li*  piiiyenitciiv. 
(Prom  NSUMAVK.) 

■-  Palwalbrinm  ;  >.  Ancbiihciiuir  ;  j.  K>|ipailiaiuiii :  «,  btiiu. 

by  tome  nx  neai  Uie  origin  of  ihe  itock,  11  had  lire  cotniiletc  iligiu  on 
cM-li  fool :  Ifyi-aiothcrium  and  SyUtmadfH  had  only  four  funciional 
di(;il»  iti  the  nianui ;  AiuAitAtriuM  from  the  Mi»i:rnc,  an  anitnal  about 
the  uie  of  a  ahcep,  had  three  dlgilt,  nr  three  and  a  ludimcnl: 
/fiMafAcrium  and  thvleiiffui  fioin  Ihe  Pliocene,  were  ai  laree  at 
donkeyv  and  show  a  maiked  iliminution  of  Ihe  lecond  and  uinrlli 
dieili :  ^nitlly,  in  the  Pleiitoeene,  the  mudera  fomu  appeared. 

The  llvina  i^oedn  arc  the  hoim  (ffirwi  eattVui],  itpnarrntly  oiipn- 
aiin^  in  Aua,  doTnaticaied  in  pichittoiic  tlnicf,  ailiriclnfly  Nclecled  into 
many  lircedt,  nomclimet  revertin);  to  nildncw  M  in  the  cate  of  those 
imparled  into  America  and  Amtralbi  by  Eur^ioan  ■elilcn  ;  the  wild 
hon«  of   Ccnlnil   Akia  {E.  frtttV»JMfi:   Ihe  doidiey  (£.  aiiHui\  at 
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ATrion  NJcin,  lh«  wild  iMca  oT  Alrio*  axiil  Asia,  the  Uripctl  African 

Ipocin—lhr  lebrw  uu)  Ihe  (exMrminalcil)  quagKi- 

Family  Klilnnccmiidic.  There  m  now  Imt  one  scims  Rkitttrru, 
t{Tci(-«  of  uhtcli  occMr  in  Africa  and  in  some  pan*  of  IniUa  «nd 
Inilo'MalufH.  Tlicy  »ic  Innjc  htary  Uni^lBla,  ihy  and  l»oe- 
luinol,  fond  uf  walluwtti^  lo  walM  oi  iniiil,  fivlinc  on  bcrha£«, 
thooU,  and  1nv0>  Thr  akin  in  vny  thick,  wilb  scanry  haii. 
OiM  or  two  median  honu  pow  u  huge  u-arlt  bom  Ihc  «K>ut 
and  foirhoul.      The  dcnljticm  ii  vciy  vamble,  bni  the  tiai;k 

leclh  —  arc  nlmiul  uiiKbrm,  there  are  nu  uppn  canlnoa,  but 

(oni««im(v  a  lar|>c  Invrcr  nair,  Iheie  are  a  few  incbon,  but  llwae 
aic  uAen  unall  and  dcciduoai. 
There  are  MTcral  enlireljr  extinct  lamiliei  of  PcciMOdaclyia,  «ich  a* 
Lopblodontidce    (Eocene),     r^.,     LefMMttt.     ^rmMMerituHt 

SytttwuJMt, — a  (aniily  [lerhiips  ancdUal  to  most  of  ||m 

modem  PerlMOdaciylo. 
PfttiEulhcriidcr    (Roeene   la    Miocene),  t^g.,  flUtMitrhim   and 

AiHiilA/htim, 
Other  remarkiiMr  lypca — 

LumSiktKeriiiBi,  CAaJiiiUifriiim,  TitantlAtrium,  of  elephantine 

lite,   and   the   ipcdaliied  jIAk-nawikmit— ate  fcferred   lo 

dittbict  (amiliet. 

Sul>Order  Hvracoidea. 

Small  Rodent-like  Un^laies,  rqiresenled  by  one  ^nui 
—ffyrax  or  Procatria,  living  in  rocky  regions  and  on  Irecs 
in  Africa  and  Spia.     '['he  species  (14}  aie  adept  climbeis. 

'I1\e  upper  incisors  have  pcnisieni  pulps  and  oie  curved 
as  in  Rouenis,  but  they  arc  sharply  pointed,  not  chiscl-cdged. 
The  ouitT  lower  incisors  arc  straight  and  have  tiilobed 
crowns.  1'hcre  arc  no  canines  in  the  second  set,  but  the 
upper  milk  cjinine  nomulime!)  persists ;  and  there  is  a  wide 
space  between  incisors  and  premolai*.  The  lack  teclh  are 
very  uniform  and  like  (hose  of  Perissodactyla.    The  milk 

dentition  is  — ,  the  permanent  i«  — .     Ilyrsx  is  one  of  Ihe 

few  Mammals  in  which  the  first  premolar  is  a  replacing 
tooth. 

In  the  fore  feet,  the  thumb  is  n]dimcntar7,  the  little  finger 
is  smaller  than  the  median  tlirec,  which  are  almost  ctiual. 
In  the  hind  feirt,  which  are  lilce  miniatures  of  those  of  the 
rhinoceros,  ihi;  hallux  is  absent,  and  the  fifU)  toe  ts  rudi- 
mentary.   There  arc  no  clavicles.    The  tail  is  very  short, 

The  brain  is  like  that  of  Ungulates.     'ITic  stomach  ia 
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divi<Iecl  into  two  parts  by  a  eonslriclion.  In  addition  to  the 
short  l)ut  1)1X13(1  cu»:tiin,  tliere  arc  two  Hupplcmeiital  cxca 
lower  down  on  the  inteslinc.  Tlu-  Ic-sic*  are  iibdominal. 
Of  the  mamma:,  Tour  are  on  the  gioin  and  two  arc  nxillarj-. 
The  placenta  is  senary  as  in  ihc  Proboscidea  and  Carnivora. 
No  extinct  forms  are  known. 

\  Sub-Order  Puonosciuiu. 

This  sub-order  is  now  represented  by  two  species  of 
elephant  {Ekpkas).  Tfiey  occupy  a  somewhat  isolated 
pOMCion,  though  dixiinctly  UngulateH.  As  regards  skull, 
proboscis,  and  teeth  lhe>-  .ire  highly  specialised,  but  ihdt 
limbs  arc  of  a  generalised  type. 

The  elephants  arc  confined  to  the  Ethiopian  and  Oriental 
regions.  Thc>'  feed  on  leaves,  young  branches,  and  hcrbagc- 
By  means  of  the  mobile  proboscis  they  gather  their  food, 
and  they  diitilc  by  tilling  the  proboscis  and  then  ejecting  the 
water  into  the  mouth. 

The  proboscis  is  a  muscular  extension  of  the  nose,  and 
bears  (he  noslriU  at  it»  tip. 

The  skin  is  strong  and  the  hair  somewhat  scanty. 

In  the  limbs,  radius  .ind  u1^l^  tibia  and  fibula,  are  quite 
dixtmct ;  the  radius  and  ulna  are  fixed  in  a  crooned  |>osition ; 
owing  to  the  length  of  Ihc  humerus,  and  yet  more  of  the 
finnuT,  elbow  and  knee  arc  lower  than  usual  ;  the  cirpal  and 
tarsal  bones  have  flat  surfaces  ;  the  feet  are  broad  and  bear 
five  hoofed  toes  embedded  in  a  common  integument.  There 
are  no  clavicles. 

The  skull  is  very  large,  being  adapted  to  wuppon  the 
proboscis  and  tusks,  and  to  afford  a  hrond  insertion  for  the 
large  muscles.  In  most  of  the  bones  there  is  during  growth 
an  extraordinary  development  of  air  spaces,  which  com- 
municate with  the  nasal  passages.  The  nasal  bones  are  very 
short;  the  cygomalic  arch  (formed  anteriorly  by  the  maxilla, 
medianly  l>y  the  small  jugal)  is  slender  and  straight.  The 
neck  is  very  short 

The  dentition  is  imiciue.  The  two  upper  incisors  or  tusks 
arc  mainly  composed  of  solid  ivory;  the  enamel  is  restricted 
to  the  apex  and  soon  wears  off,  As  the  tusks  grow,  their 
roots  sink  through  the  prcmaxiUa;  into  the  maxillae  There 
are  no  canines  nor  premolarti.     The  molars  are  ver^  Ux^, 
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tbr  draiinr,  md  vnbcd  to 
TIms  do  iW  ««s  tooth  the(« 
^  hyea  irf  enawel,  denrine,  and 
EidiDCt  fona*  ifaow  nafirioM  b«.twem  tfau  epiopl^  tjipc 
and  the  borae'k  (ootfa.  Id  x  lifefimc  ifaere  msf  be  lis 
uxtb  on  ^idi  tide  of  tacfa  jaw.  bat  of  ifcese  only  one,  or 
poniona  of  twoi,  can  find  ipace  at  a  dtw.  The 
padnallr  movo  fomrd  as  the  ftou  puts  are  worn  away 
andcajt  ooL 

The  Iwain  ia  highty  dewtoped. 

The  MBwach  i*  aimple,  and  tbete  it  a  brgr  oenim 

Tbcn  an  two  aupehoi  venae  civk  eincring  the  nftii 
aoricle. 

The  leitca  mMio  ■bdonnal  ID  poaitiaa 

There  are  two  pectonl  —■ — ■;  the  otenis  b  bkornuatc: 
the  pbeenta  is  non-deddoste  and  BMaiy. 

Bl^km,  ^  no*  iijrMtnitrt  t^  ifce  ladkn  EleplMi  (<-  ^WirMii. 

■Ick  DMlWI  faM*  of  ommhI  cb  (he  aokn  mJ  cm  rf  aiiimu  ^m^ 
Md  (be  AMcM  EliflMM  if.  ifHtmmul.  ridi  Iw^  »hiiml  fclfc  rf 
MMMdaBd  «tir  hncMM 

Tbe  ■MMMli  {£.frimlimim\  hOoBtfA  lo  ih>  naM«ccM  poind. 
•ad  had  B  wide  negnfWnl  nofK  oonnHK  fcr  taMwce  ia  tkiaiK. 

The  COBM  MtMm  b  wipfiiJMiLd  b*  fad  KMMa*  n  Uionac. 
nianB^  Md  «TC»  hi  PIcfaUMK  «nu.  iB  Emik.  ladta,  and  AMMicK 
TIh  noltf  tatfh  Aow  irMwiiiow  bctwan  ikne  id  ilifhiin  aad  liniv 
of  othcf  L'inlateL 

In  IHmlktnmm,  (inad  in  Mionne  md  FliocaDt  Mnti  in  Tjuo^  and 
Ask.  tbc  lowet  law  bMc  an  atctMtns  pair  of  rotb  pwijnl'm|  vettkaHf 
dowaawdt,  >M  all  ibc  tack  teetli  teem  to  have  ten  in  aw  lU  Utc 

Sbvsilai.  extinct  Sub^Ordbiis. 


Allhoogh  •«  oaiot  •Inrttbr  ihr  VSmna%  maaikatle  Ijrpn.  it  ti 
<Tr""""'  to  atfioE  ihni  nuMmc«.  fa>  tb«]r  Mfr*  to  mp^  n  oith  the 
««bteB|  eooaecicdneK  <i  vhn<  arc  now  ii  iMii  aniens 

Tb«  hace  Anbljpoda.  faoad  in  Eooeae  fataMtiMs  in  W.  Amoka, 
had  thnc  pain  of  ili— iliMi  MWabtfaatu  ea  the  lop  of  ibe  ihall,  no 
upfMi  iacuon,  la>]ge  apficf  emaca,  afpetfalty  in  (be  Baale*.  lad  ili  ha^ 
leelh.  Eaanpte— fA'MMkrrrMi ;  iba  (laa*  OT/Anha  Bar  alw  be 
idued. 

Cope  iadode*  •  wmbcr  cf  genctalibed  Eoceac  I'afniuat  nadai  the 
llik  CoKMutlMa.  S«ae  mom  aacettial  to  the  itaMaodactyta  and 
Artiodactrk:  wHneNiig^  analMofanotainl  DmplMaaadaaccanl 
CaniitanDL     Tbc  f^ot  Ptriftytkm  xm/f  be  ttcwuci)  «•  ■■  MMWIial 
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Bunodml,  »aA  PktHatadm  «*  near  ihe  origjn  of  the  hone  Hock.  But 
Phamalta  W  *a  |{encnli>ctl  ihat  Cope  bu  tiaggaWd  affinitlci  tictwcca 
Si  ind  not  only  Ung^iUin,  hui  kIu>  CumlvoiM  tml  i,«niun. 

The  terliaiy  nnla  of  S.  Atnerint  have  yicldcii  n  i>iim1>ct  uf  ■■intncc 
(ype*i  «.jf.,  Tax»Jm>,  Nin-imi,  and  Tyftthfrinn,  tnnkctl  in  ilie  huTi- 
oiden  ToxodontiA  Biul  Ty|x»liciia. 

From  (he  Eocene  «(  N.  America.  MAreh  hwL  ditentombcd  >  Biovp  of 
unioulii  which  he  calli^  'Hll'iiliiiitlH.  e./.,  Tit/Mtrriuni,  which  iccm  lo 
comliine  the  chHrulon  of  the  Un|;uintii,  Kwleiuia,  .ind  Carnivora. 


Order  4.— Crtacka. 

The  Cetioetm,  including  whales  and  dolphins  and  their 
numerous  relstives,  are  aquatic  inanimals  of  fi^h-lilce  fomi. 

The  »[)iiidte- shaped  body  has 
tici  distinct  neck  belwuen  the 
R-lativcty  large  head  and  the 
trunk,  and  tapurs  to  a  notched 
tail,  the  horiEonial  expansions  of 
which  form  the  flukes.  The  fore 
liiut)s  are  paddle-like,  and  there 
are  no  external  hints  of  hind 
limbs.  Most  forms  have  a 
median  dorsal  tin.  Hairs  arc 
gencrall}'  absent,  though  a  few 
bristles  may  persist  near  the 
mouth.  The  thick  layer  of  fat  or 
blubber  beneath  the  skin  serves 
to  retain  the  warmth  of  the  body, 
and  thus  comjien.iiites  for  the 
absence  of  hair.  In  one  of  the 
dolphins  dermal  ossicles  occur,  a 
fact  which  has  suggested  the  idea 
thai  the  toothed  whales  may  have 
had  mailed  ancestors.  Traces  of 
dermal  armour  have  also  been 
found  in  the  extinct  Zeuglodonts. 
The  general  shape,  the  absence 
of  external  ears,  the  absence  of  an 
eye-clennsing  nictitating  membrane,  the  dorsal  position  and 
vaK'ular  aperture  ofthe  single  or  double  nostril,  ihcsponginess 
of  the  bones,  the  retia  mirabilia  in  different  pails  of  tbc  body, 
may  be  associated  with  the  aquatic  life  of  tneie  mammals. 
45 


Kiii.  3S8.— Left  fore-limb 
at  Ilalicnoplein. 

Si..  ScApuLi  irlih   teuiE  Mi; 
f/.t  humvnH;    A'-,  ndiua;    t/., 

Hiurii:   Ml..  iiHaair[al>:  f*.. 
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The  cervical  verlcbne  are  ihin  u)d  more  or  less  fused. 
There  ts  no  utiipii  of  venebrae  to  form  a  sacrum,  for  thr 
hind'hintw  arc  at  most  very  rudiincnur)-.  UikIct  ihv  caudoJ 
venebne  there  arc  wedgi-  shaped  chcvTon  bones. 

The  brain-case  is  almost  spherical ;  the  supn-occipita] 
iRCdE  the  frontals  and  shuts  out  the  parktaU  from  the  luof 
of  the  skuU ;  the  frontals  arch  over  the  orbit ;  the  snout  ur 
rostrum  of  the  skull  is  composed  of  premaxilbe,  nutxUbe. 
and  vomer,  and  of  the  roesethmoid 
canfbge, 

There  are  at  least  rudimcnte  of  two 
sets  of  teeth,  as  in  other  Mammals, 
but  in  baleen  whales  only  the  teeth  of 
the  milk  set  arc  calcilied,  and  they 
come  withal  to  nothing,  being  to  some 
extent  replaced  by  the  homy  baleen 
plates  developed  on  the  palate.  In 
toothed  whales  the  two  sets  ar«  nid 
t}y  KiJkcnthal  to  fuse,  but  the  usual 
interpretation  is  that  the  functional 
teeth  lielon^  to  the  milk  set  It  is 
pos&ible  that  the  simple,  homodont, 
conical  teeth  of  Odontoceti  have  re- 
sulted from  a  splitting  of  more  com- 
plex cuspcd  teeth.  No  clavicles  are  de- 
veloped. Excepting  the  humerus,  the 
bones  of  the  fore-limb  arc  stiffly  jointed 
and  flattened.  The  carpals  are  fixed 
in  a  fibrous  nuirix,  tend  to  l>e  rudi- 
mentary, and  are  often  unotsified. 
There  are  four  or  five  digits,  of  which 
the  second  and  third  have  more  than  the 
usual  number  of  phalanges,  a  peculiarity 
po^^ibty  due  to  a  dupliciition  and  sipa- 
talion  of  cpiph)-ses.  The  pelvii  may 
exhibit  two  rudimentary  iicbia,  with 
small  vestiges  of  femur  and  tibia. 

The  rounded  brain  i.t  relati>-ely  large,  with  well-convoluted 
cerebral  hemispheres. 

As  to  the  alimentar)*  sy:(tem,  salivary  glands  are  rudi- 
mentary or  absent,  the  stomach  is  chambered,  the  intestine 
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has  rarely  n  cxeuni,  tlie  liver  is  but  slightly  lobed,  there  is 
no  i^nll  bladder. 

The  heart  is  often  cleft  between  the  ventricles.  Both 
arteries  and  veins  tend  to  form  ictia  mirabilia. 

The  larytut  is  elongated  so  that  it  meets 'the  posterior 
nari^,  and  forms  a  continuous  canal  down  which  air  passes 
from  nostrils  to  lun^  Cetaceans  must,  of  course,  rise  to 
the  surface  to  inspire,  but  the  cxpirsiion  occurs  at  longer 
intervals  than  in  terrestrial  mammals.  The  water  vapour 
expelled  along  with  the  air  from  the  lungs,  condenses  into 

a  cloud,  which  is  some- 
times increased  by  an 
accidental  puff  of  spray. 

The  kidneys  are  lobu- 
lated.  The  testes  are  ab- 
dominal. There  are  no 
seminal  vesicles.  The 
uterus  is  bicomuate. 
The  placenta  is  nun- 
deciduate  and  diffuse. 
The  two  mamma:  lie  in 
depressions  beside  the 
genital  aperture,  and  the 
milk  is  squeezed  from 
special  reservoirs  into  the 
mouth  of  the  youitg. 
Usually  a  single  young 
one  is  born  at  a  time, 
and  there  arc  never  more 
than  two. 

All  are  carnivorous,  but 
while  many  feed  on*smatl 
petaijic  animals,  others 
.swallow  cuttles  and  fish, 
and  Orca  attacks  other 
arc  gregarious   and   live  in 


Ftu.  s6a— Pdvli  and  hind-Uml 
orGiwnbnd  WImIe  (Babcnii). 
(After  STioTHBfts.) 

P.,  I'tlvii :  y.,  fonnr  \  T. .  tibia. 


Most 


Cetaceans  and   seals, 
schools  or  herds. 

'ITie  living  Cetaceans  arc  ranked  in  two  sub-orders— the 
Mystacoceti  or  Babcnoidca  without  functional  teeth  but  with 
wlialebone  or  baleen  plates  on  the  palate,  and  the  Odonioccti 
or  Delphinoidea,  with  functiotixl  teeth  imd  without  baleen. 


CSTACSA. 


M 


The  IwoSub-Onlcrinf  living  CciaccMitnuiy  be  contnuti'd 
a*  followt  (after  Flower)  :— 


MnTAOKiri  or  Bji.t.)i>iaio>A, 


lOlHllMl  OKMUUi 


The  tHih  mc*  abaarb*d  bate*  birth. 


Wbkf«booc  or  bATtcn  pliiia  ilevclc>p  on 
pruccw  from  Ula  piilal*. 


Tin  iliiill  u  ijrmiMlrlcal. 


T)iT  nnuli  tfnl  ihe  iiiicrlw  Mwl  pu- 
jtfiMbi  which  ut  dir«cL«il  Dpwsrda  and 

Thr  niAiilla  doc*  iioL  4*vlAp  Lhc  orhlijiJ 
procuafihe  frontil. 

Tht  lu-brynul  l>  •m&U.  and  diulnci  (ran 
ibe  juKHl. 

Tlw  tympanic  !■  wilGytoiad  Id  tlw  poriDlic. 


Th*  nml  of  iht  munrllbi*  m  wchtd  oiii- 
v&nlt.  bjhI  Uft*e  no  tn^c  »ymph>*i». 

All  the  rib*  lUIkulala  only  wiUl  th*  Inna- 
HTM  ptcawm  «f  th*  vwiabM. 

Ths  uamiim  It  a  ilnti*  pIkf,  uid  inlcu' 
lus  wllh  ■  lincJc  pair  of  (tU. 


Tha  unmal  noHrili  u«  Hpani*. 


TIm  ol&atory  AtBii   It   diitlnctly  d» 
vdapad. 

Th*r*  1i  ■  ilMn  e<M>a. 

£>arnplrtr — 

Tue  tittbt-whaie  IBai^nA  iha 
huinpliMli   {MtftUmS-  'h« 


The    laaih  parilai  aAx  Urth.  and  *r* 
Evnrrally  nb<ntrou«  and  ruiKllDNiL 

1  bar*  1<  lu  lalarfu 


The  *kut!  on  iu  upper  mrhoa  L*  mora  or 
J«i  uynaKirfnJ. 

Tha  (laaak,  ofttn  iniall,  do  uot  roof  the 
ani«r1or  aval  pvuKa,  which  ara  di- 

r«clBd  upward*  txA  luckerard^ 

The  maiilla  covert  mou  of  tht  orliilal 
pnKtft  *d  the  Cruhial. 

The  lubrivu]  i*  fuvad  id  cha  ^UEaii  or  \s 
^tft.  Km  h*lp>  to  toot  ibt  orUl. 

The  iviipaBic  li  not  ankylMed  la  ihe 
periofic. 

The  rami  of  tb*  irundll^la  are  ttndEbit 
and  form  a  «yii>i>byhj«. 

ScvanI  anmloi  iUm  aiikulais  by  api- 
lala  with  tbecanlraDrvanvbrv. 

Ths  tfvmiim  ba*  uuinlly  tf\^f  nl  tegmenta 
wkh  whkb  tcvaral  »Liniai  rtbt  jniai- 
lali. 

Tha  oaurili  anh*  In  a(in|)a  blon^liol*  a\ 
■he  lup  ti  the  bead. 

The  olAwlory  uivnn  n  nidincotary  or 
abatht, 

rhn*  !•  no  CMCum,  uiapt  In  PMimiU*. 

Eaampltt  :~ 

Iht  lipnin  wbaia  l/'^frn/rr),  ibg 
dolpntii  (IW/h'tv\  rbt  p^f^ 
tHiac  If^ktvmti),  Ibc  "Gnat- 

ti"(t7ri4).  the  Ca'iii4  wiiat* 
IMi4*iubu\  &>a«MJ.  tbt 
nbal  (.VmmIr).  «iili  a 
hom-iilie  luih  in  the  mole  only, 
th>  Ihliina  WlfUKmfUiH). 
ihi  hlLiid  /-/aAwira  of  Uh 
Ganges 
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MAMMAUA. 


Order  5.     RoDKtrrtA. 


Kud«nts  arc  rcprcsmted  in  nil  parts  of  the  workL  and  fa 
mori-  species  ihan  any  other  order  of  roammals.  Mon  c 
them  arc  Hnall,  and  inost  arc  (crrcstrial,  but  them  are  son 
aiborcal  and  aquatic  rorms.  .\11  arc  herbivorous,  and  gnav 
their  food  in  a  characieriuic  my. 

The  dentition  ii  characteTi-itic  T)tc  incbors  have  chisd 
like  edge*,  for  as  the  enamel  ix  either  entirely  restricted  t< 
the  front,  or  is  at  most  thin  postciiorly,  the  back  part  we 
sway  more  rapidly.  The  incisors  arc  always  rtxnuess,  now 
ing  from  persistent  pulps  as  they  arc  worn  away,  ana  thi 
eanie  b  sometimes  true  also  of  the  back  teeth.  On  th 
lower  jaw  there  iit  never  more  than  a  pair  of  incisor^  «M 
in  most  casex  the  upper  jaw  alio  has  only  a  (xiir.  *nien 
are  no  canines,  and  the  skin  projectt  as  a  hairy  jud  into  the 
mouth  through  the  large  gap  bctKxen  indsors  and  pK 
molart. 

The  feci  arc  plantigrade  or  scroi-plantigRtdc,  gcnenlh 
with  five  clawed  or  slightly  hoofed  di^tit.  Clavicles,  thougn 
often  rudimentary,  are  generally  i>rcscnt.  I'he  scapula  hu 
usually  a  long  acromion  process. 

The  condyle  of  the  mandible  is  elongated  from  befon 
backwards,  and  in  gnawing  the  jaw  moves  backward  am 
bnrard  {unimpeded  by  any  postglcnoid  process  of  thi 
squamosal).  The  mandible  has  an  abruptly  narrowed  arH 
rounded  symphysis,  and  a  very  large  angular  portion.  Tb« 
orbiu  are  conRuent  with  the  temporal  fosKC.  I'he  sygoniatk 
arch  is  complete.  There  is  generally  a  dtstirKt  interparieta 
bone.  The  tympanic  bulla;  arc  always  developed,  and  ar< 
often  large. 

The  cerebral  hemispheres  are  smooth,  and  leave  the  cerr 
bellum  uncovered. 

Hie  skin  is  generally  thin,  and  the  panniculus  carnosu! 
but  slightly  developed. 

The  intestine  has  a  large  cascum,  except  in  Myoxidae. 
Special  anal  or  perineal  or  other  glands  secreting  odoriferout 
substances  are  usually  de^'eloped. 

Tlie  testes  are  inguinal  or  abdominal  in  position ;  only  in 
the  hares  and  rabbits  do  they  completely  descend  inta 
scrotal  sacs. 
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The  mamma:  circ  on  the  al>dompn,  or  on  the  abdomen 
and  thonu. 

Tlic  ulcrus  is  double  or  very  markedly  bicomuatc.  There 
Es  a  pruvisiona]  yollc  sac  placenta ;  the  allantoic  placenta  la 
di.tcoidal  and  decidual e. 

Sulhordcr  SiMi'LitiiiEyTATA,— Rodcntitrith  only  one  pair  of  upper 
Inclun,  with  Ihc  cnomel  leitriclcfl  to  Ihe  fronL 

!>4uliKUIlke  (Sciuromorpha),  incIuilLnK  ihe  rollnwin);  und  lome 
Whcr  (niiiLIIct : — 

Anomaluridir—thc  Ethiopittn  niborcul  gcnui  Amma/Mrm. 

wiih  B  UleraJ  puachutc  of  tkin. 
SciurldK — Ihr  «|uinclt  |~V(i'Hnif|,  the  llyine  tquirrctt — 
fVrrvmys  and  S/iHraflmii^viitli  >  paracoulc  of  tkifl 
(onnci.iinjf  l)ic  Cori;  un'l  hinil  lirnls,  iW  ninimolK  {Art- 
lemyi),  the  prairie  dnct  [Cythtvijii),  ihc  puuchi^  mormota 
or  Kiiuliks  [Sptrmefitlui). 
Guloridx — the  beaver  ( Cai/«r). 

Motile-Iike  {Myomoiphii).  imrluJini;  Ihc  rolluwinc  anil  lunic  olhci 
liunilin  :— 

Myuxiitix — the  <Ii>miicw  [Alysxui,  b"/. ) 
>A)utiie— ftf.,  ihc  btown  ml  {Mm  dttnttanm),  !hc  \Ak\ 
rat  {M.  r«//Mi),  ihc  htniw  mciu«e(jl/."iiii™Ai(),  the  wood- 
mouv  (AT.  ijrlvaliitu\,  the  harvcM  moiue  |.t/.  mt'irv^w). 
th«  water'VolM  [AmicMit  ihr  American  muth  mt  [Piitr 
i/fcrAifvi),  the  lpniiiiin(-(iij^r<>i'f/),lhc  hanuicTi (Cnirifm). 
Cieomyidir — t^,,  Ihr  American  |»iichcij  rat  \Gismjn  tnr- 

Dipnlidtc — t.g.,  the  Jerboa*  {DifMS,  &'i.\ 

Pbrcupmc-likc  (Hyi<I[icviiiarpha),  iucliiilin)'  Ihc  fulloHin|;  anil 
Mjme  olher  familiet ; — 
Oi:t«ilonliilfl^~v.f.,  ihr  iiquiitic  Ciwim  [Myfffitftamiit  rryfn]. 
llpirirJLhi-— I'rf'.,  ihe  porcupine  (Jfyslr/x,  irt.) 
Chinchilli<l*->.f,,  ibe  muiml-likt  CAimiiVa. 
Dftnpiocliilic— <^„  the  Agoulii  {Datyfiretfa),  and  the  poea 

[Cithtrnt/i. ) 
Citvlltlic — t^.,  the  |;ulne*  pig  {Cat'ia).  and  the  S.  Ameriesn 

Capytnra  \HtJrtikanu\,  the  U^crrl  llvin);  Kodenl,  meia- 

urii^i  about  four  feet  is  length. 

Sub-Mdar  DUFI.ICIDBKTATA.— ttwlentb  with  two  mlrt  of  indtort  In 
Cm  upper  jaw.  the  teconil  pair  small  mid  bchinil  Inv  Snt  pair ;  the 

el  eKlcti<li  to  the  poitcnor  niifiurei,  but  ii  thinner  there. 

Lii);amyi(lie — The  I'iuut  or  tailtca  ham  ( ^4W)>wi'j),  guinea- 
n^ikc  Mumali  Tuunil  on  the  tnotintaini  of  ii.  £d(,  in 
S.^  Europe,  and  on  the  Rocky  Mouni*iiu. 
l^pnridic— '.,f.,  (he  coRitnon    hue  Ujf-ut  timiJHi\,   ihc 
inounuiii  bore  (Z-  vaHatHit),  the  nlibit  (/-  miticu/m). 


MAHMAUjI. 


Order  &  Cajikivoka. 


This  order  include*  (a)  the  tnte  CvmvoRS,  sodi ; 
and  tigen,  foses  and  dop*  besn  and  ottos  :  W  the 
Pintripedia,  such  as  teals  aad  walnoei ;  and  (r)  the 
Creodonu  with  tevenl  genetBlised  types- 

Host  of  the  Camirora  (ieed  on  anuMJ  food,  asd  tl»e 


Flo.  aG&— Lower  xntCwe  uf  DogV  tIralL 

iw,.OodBiulcMd)4i:  «.0~bHl«wjplnf:  r.,  hmmIc  Ulte 
«.<.,  poN^mit  Hoew  taUid  taw  fi»  otthrk  oTi^dilih 

JV.f.HCMdssW:  W.I,  fall  aoku :  /^.■-*,|RBaUn;<.. <■■*■• 
/.i-j,  lucimsT  /■•&<.,  iifiwrili ;  au,  — liiUi;  Psl^  aalumr 
/..  fi9>i :  -^X..  iUMmmU  i  fi.,  pmytdi :  Sf..  ittiimiwtl 
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typical  forms  prry  upon  other  animals  and  devour  their 
warm  Bcsh.  Moit  are  bold  and  fierce  animals,  with  keen 
seiises  and  quick  intelligence. 

AlinoKt  all  have  v,ell-dc\'eloi)ed  claws ;  there  arc  never 
Icwet  than  four  tocs.  Th«  teeth  nic  always  rooted  except 
in  the  case  of  the  tusks  o(  the  walniis :  the  canines  an:  .itionu 
and  sharp  ;  some  of  the  back  teeth  ate  generally  sharp  and 
specially  adapted  for  cutting. 

"  The  condyle  of  the  tower  jaw  is  a  transversely  placed 
half-cylinder,  working  in  a  deep  j^lenoid  fossa  of  corre- 
sponding form."  Thus  the  jaw  moves  only  up  and  down. 
The  »y(5omatic  arch  within  which  lie  the  powerful  jaw 
muscles  is  generally  prominont,  and  the  widening  of  this 
has,  as  it  were,  broken  the  bridge  behind  the  orbit,  so  thai 
the  orbit  is  confluent  with  ihc  temporal  fossa.  There  are 
generally  strong  occipital  and  sagittal  crests  for  the  insertion 
of  muscles.    The  tympanic  bullie  are  in  mo.tt  cases  large. 

The  clavicles  are  incomplete  ur  absent ;  the  radius  and 
ulna  are  always  distinct ;  the  fibula  is  slender  but  distinct. 

The  cerebrum  is  well  convoluted,  and  the  cerebellum  is 
more  or  less  covered  by  the  cerehnim. 

The  stomach  is  always  simple ;  the  ci£cuni  is  absent,  or 
shoti,  or  wmplc ;  the  colon  is  not  sacculated. 

There  are  no  vesiculee  seminalcs.  'l"he  uterus  is  bicor- 
nuftte.  I'he  mammic  are  abdominal.  The  placenta  is 
deciduate  and  tonaiy. 

Representatives  of  Carnivora  are  found  in  all  pans  of 
the  world. 

Sub-Order  Carnivora  Vera  or  I<uiiped)a, 

The   trua  Carnivaru  are  for  \\\r  nwui   put  Icntitria].      The 

Indumuc  kIkimI  ilwayv  --  the  canines  nee  iitiially  Isrfjc,  one 

of  the  back  leelh  U  modified  u  a  trenchani  ourmulal  or 
rectorial.  Tlie  digltt  eeneikHj'  hat's  tluf|i  clawL  which  may 
be  reimciilu.  Wiihin  the  nib-oidei  there  arc  ihtee  wdJonK— 
i^Quioktn^  Cifnoidoa,  uid  A(Ctald«a— ro|}rctmlecl  mjiFcIively 
by  cal,  dog,  and  bear,  but  Ihew  type*  ate  connecled  by  extinct 
nrmi. 


(Table. 
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MAMMALIA- 


^U.UROIDIU. 


DJjtitlirMJe. 


Typical  (Ifoathin.  jj^" 

The  lymfarkir  Ij^iIIa  ^4  nitit:}j 
ililAIBdiFOUniJAjamS  Ihin- 
wall«d,  and  h  dividvil  in- 
to tun  rhwnhtn  by  u 
inlcrnil  HtKum  (eiC(|N 
In  Hyvnictail 

The  riuixiHpIul  inuccH  -at 
thfl  «>-oca|du)  inapnlital 
10  the  hlrdcr  |«rl  ur  Iht 

■rmpuiii:  1)1)11*. 

Tb>  oacum  It  Hull,  nnly 

■b«nl. 


CVNCHDIUL 

Ar->  •)•«.  foa.  *«V.J«luL 


I>l({li|;nKlcv 


Typ)™i(l«(i.ta>.^^- 

Tht  Irnpanic  bullii  lidUi- 
ivd.  txil  IIk^  initmol  wp- 
lum  u  nidimcniaiT' 


The  MFoccliitlal  praOH  b 
io  «iiuici  ■*tth  the  bulb- 
liUI  il  It  pronintnL. 


AftCTTOIDCA. 


Pbaii^mla  or    MlnBUiiii- 

fad*. 

Ttt*  ijmpBiiic  iMlb  n  dW 
<*yn^ei,  and  ihcn  b 
na   hini   ti    an    inural 


i>   qiiin   span  ftnn   A* 
ho)  la. 


Tb*  odcum  m  -aniailmn   Tli>  catum  k 
tfcan  uid  tlptplt,  tMnt- 
(imca  lona  uid  pceutlBly 
roldad.  t-™™* 


In  feltictile  cltiin,  Ihc  lain  pVidftox  orUic  digil  with  itt  aunehcil  cbw 
it  drawn  Ixick  inlo  ■  iliMth  on  the  oulct  t!ilt  »7  ihr  mMdle  |ihnbns  in 
the  fbrc-rorii,  on  Ihc  u|i])cr  side  in  Ihe  hind-fuul.  When  the  aniiDAl  i« 
U  mtotii  walking.  i)ii-  daw  it  reiainrJ  Id  ihii  bcm  poution  by  tinelM- 
lie  limmetil.  and  it  in  ihii  way  proiecieil.  When  ihc  animal  ttnugbtcna 
the  phiilanjccis  thr  clawi  arc  [■rairadcd. 

Dwtieni'lr  iiiiicniU  vmlk  rin  iheic  tact  onljr.  plinligMde  iavavi  pluu 
the  v^olc  w>le  uF  Ihe  fiiol  un  ihr  ([rvund,  but  l>etiieen  ihnc  c»n<liiiaiM 
there  nte  all  possibli;  )-inil«lii)n>i.  Motl  Camivuret  are  •uh.plMttiisTOide^ 
oflL-n  when  al  ml  applying  ihe  whole  of  the  tote  *a  the  eruiUM,  but 
keeping  Ihc  heel  railed  lo  n  grcaictor  lea  extent  when  walking. 

/GLUKOinu— Oil -like  Cftrnlvnrc*. 
FamUy  Felid«,  including  the  mcMt  tptcialiied  (brau.    The  tanlnei 

arc  Urge.  Ihc  iiiulan  ire  rcduccil  in  -■  the  comiiwiAli    arc    ibe 

I 
Lul  lucniolin  ulxive  (with  ■  ihrec-kiljcd  Kkute),  anil  Itw  molus 
benculh  (wilh  n  iwu.lolwil  lilailcK  The  ikull  i»  ifencTKlly 
rounded,  (he  tyeiimulitr  hicIic*  are  wide  and  stiong.  Ihe  tym- 
panic Inill*  arelnrsc  mid  111100II1.  The  limbo,  aie  digiti|[imde, 
Ihe  rlam  retrKtUc     There  ii  na  aliiplicnoid  oinaL      The 

dentition  of  tlic  typiMi  ecnui  Fitii  i« 

■■>■ 

Ewtmpia:— The  lion  KF'Hs  /a>|  in  Africa,  Metopolamla,  PctsIm, 

N.-W,   India:  the  ti^r  \F.    Tixrit).  wiilely  ditlriliutcd  in 

Alia  1  Ihe  leopard  (F.   I'ardtii)  in    Africa,   India.  Cnrlon, 

iMiualti,  Barnea.  Ac.  :  the  wild  cat  (F.  laitti)  1  the  UtSte 


CAKKIVORA.  7IS 

oil  {F.  t^fa'ia\Mx\<a.aJi'\  S.  Asia,  tYncratccI  »ni1  Tnuminl- 
linl  by  ilio  tC|^pli>iUi  perhaptancc<ti>l  (o  llie  ilnmoltccal  i 
the  inimn  or  coii|;uat  (F.  femetar)  ftam  Caniulii  to   Pptu- 
goiii.n  i  Ihp  JBpiai  {F.  enia).  nlso  American. 
A  hiEb  dvsivc:  o{  spccialiutiun  for  comivorout  hiibil  U  well  iliui- 
tnted  ey  the  Mbre-loolhcd  ligett  \Miuh,tralui\  of  Tcriiiuy 
AgM.whoKe  wiralcd  upper  oninM  wcrr  ioinctlmct  >t:vcn  inclim 
Innp. 
Kimily  Vivcniila; — Old  WwTil  lbni»,  »iich  at  civcls  ( VatrTa\.  of 
AliiciL  Aiid   [nclin.  grticts  (Gtnrlla),  of  S.  Europe.  Africn,  and 
S.'W.  Asia,  ichncuinoni  or  mojifjooici  {.IlirptstiiS.  from  Spain, 
AfricB,  India.  Indo-Malnya. 
Family  PlMdeidic — rep(»i^nleil  tiy  Pralelti  iritlatui,  the  h]nna'IIhc 

Aftfd-walfof  Cn|>c  Culnny. 
Fitnlly  }l<fKr\l'ix — rrprc^cnlpd  ljy  Ihc  f^nu»  Hyttmi,  found  in  Africa 
And  i>,  Asi*.     The  lympunic  bullk  ii  not  divided  bf  a  Kplum. 

CyMOIDKA— Dog- like  Comivoro. 

Fknihr  CUidEi — including  forms  inteimcdiitc  between  ihe  uls  and 
Inebeut.    Tbedenlilion  is  marc  gencraliici!  than  in  theFdldi^ 

R*  utual  formula  iii  — .    Within  Ihe  ii-mpaaic  bulla  (here  U 

only  It  nidtmrnUry  seplum.     The  |Mtcc<Mpi<al  procra  in  conlocl 

with  the  bull.-i  ii  piominenL     The  cxcum  is  either  ihort  and 

limple,  or  long  ind  pcculiuly  foldvd  upon  iiieir. 

Eiamplci : — The  genut  Canii  ha»  rcptencntaiii'ei  in  ill  jutii  of 

the  world.  Ihe  wolvct  ((.*.  lufvii.  iic),  the  jachnU  [C.  aureui), 

mtitmilai,  &.C.),  tlie  diinioilic  dogn  \C. /amiliarii),  tlie  faxn 

(C.  wtt/it!,  &eA,  the  Cape  huntlne  doe  [.l.ytsm),  the  bu«h- 

dns  {letitjmi)  of  Guiana  «nd  BniuJ,  and  the  primiiiiv  Oloiyen 

mtgalelit  from  $.  Africa,  with  Ihe  nuudnmm  nunibcr  of  nick 

3>  '•  I,  i-t  ]•«! 

lecth  ,     In  the  dog  the  dcnul  formula  ii  — :  Ihe 

f-  ■■  *■  t  v*\ 

uppei  CEtmaMial  or  fourth  premolar  has  a  iIodI  iHlobcd  bhde. 
tne  lower  enmawuul  oi  finti  molar  haa  a  eomprcued  hllobed 
blade.  The  tkull  it  mote  eliin|pted  than  in  (he  at* ;  th« 
orbiu  ate  vcty  widely  open  jxwtoriuily :  Ihe  clavicles  are  very 
amall ;  ihc  limbs  arc  dtgiticrade ;  there  are  live  iock  on  Ihe 
fun-. feet,  hut  Iheihori  ihumbdcieinalrcnch  tbeground;  there 
ate  only  four  to»  on  the  hind-fcct.  hut  in  domcOic  dogi  the 
rudiment  of  ihe  hallui,  i>  tomdimo  enlarf^  at  the  "dew- 
claw  i "  the  clawt  arc  non- ret  tact  lie  and  lilunl. 

AxcrairiKA— Dear-like  QtmivotM. 

The  Ijrmpanic  bulla  ihowi  no  trace  of  an  inienuil  teplutu  i  Ihe  |itrac- 
cipital  ptoocK  of  the  ea-occipital  ii  nuUc  apart  ftom  the  bulla. 
and  wlitely  Kparsled  from  the  muiiloid  proccM  of  the  prriolic. 
Tlic  limb*  are  pUnli^nde  or  sub-planlignidei  and  always  bew 
live  iMt.    Tho*  ia  no  cecum. 
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FMdJv  Unkiic— Bc>n.    TbeMokniMK  bmadiofaoadMrfi 
The  tliMc  inUiiar  pnaMtlm  uc  imhI;  radbacMaiT. 

Urau, ,  ilaDal  (km 


-n^ 


•Bililflry  Inn*  k  dvproMd.     £/mu,  ^ — ,  ilacU  boM  FiltiofMa 

■od  Anuimllu  rtciont.  f«pca*fl«il  fai^  NcMrapLed  reckat  t^ 

ool*  ooc  *pMia^  ciMwhvtc  widafwcail. 
Ftunihr  Ptocyooidj-'l^  Hisubyu  ruHb  {/Etmna  ybftou).  tin 

AmeriaNi  ncoooo  (/^WTMik 
Fuoihr  MdBtlifa    TW  ouo  (jU«m).  tke  Mi-otHr  (/Mkg  AiAvL 

tto  Amk.  {UifUtitU  Ibe  bwlect  (jObbik  the  Mid  {MMUmtm^ 

the  nuien.  iMc,  pohcM.  aoU,  wcMd  <.lAuMiCi). 

Sab-Onlo  PiNHIPEOIA.     Scab,  Eutd  Sodih  aaA  Walnno. 

Hmm  ate  aMrinr  Carniram,  brbUc  to  nunc  mdilj  oa  land.  bM 
CMOiSK  ■■Ik"*  fo>  hwodiag  poipowk  Tlwr  leed  fca  tbe  moat  pan  oa 
fiib,  ndUncd  tmA  ™— "— —  Ataeal  ftom  the  Trafatt.  tikcv  ne 
NpftMBUdoRMCMaf  IheocHMsBiTaiipoBieaMd  Andeiofm,  Uanj 
•fe  maffcodl)' gr^ttwBt. 

The  >I)pa  pan*  of  tbe  UoiU  uc  iadadeil  >(ili!&  ihc  ikio  and  fenenl 
eoMow  o<  tbe  boily-  Tbnc  an  At«  well-drrdopcd  digiu  iiaiiw«.|»i| 
by  a  ««b  of  ikin.  Ic  Ibr  hinc^faM  ibc  finl  ud  tab  toe*  mjfaBOjtj 
MeM«T  and  knifci  Ibui  tbe  nM.  There  u«  no  cfamdca.  Tike  taU  & 
my  aboct. 

Tbe  uall   odk-teetb   aie  ahutbed   brfon  o*   liwwwHawty  aAa 

Nrtb.    Tk  uciaiM  are  alwa):s  fewn  ibui  -  i  tbtre  are  no  wiali  ; 

the  iMck  mth  haic  pniaird  cwfi*  often  mf/mg  iMgblly  boekvajdi. 

Tbe  Uabi  ii  laifeaDd  weII-c>oni«lal«d.  The  ajvaaia  bqp  aad  pn*. 
aawtnl.  whb  a  ttu  contek    Tbe  exttnul  eu  is  •noil  or  abWBL 

Tbe  aceuH  it  vety  ahoat.  Tlie  kidnqra  vt  divided  aato  kifaakh 
Tbe  -— — tr-  are  two  m  faiu  in  Buoibct,  and  lie  on  tbe  abJonnii. 
Family  OlariidLx— Eared  or  fui-MBb,  ecMDCcdac  the  Ptaaipeda  *itk 
Ibr  ruaifxdi.  Tbr  blnd-fect  caa  lie  named  bnaaid  and  uMd  (Mt 
land  in  the  anal  faahkai.  Thrualat  and  wie*  att  naked. 
Tbeie  H  a  Bnall  external  oar.  The  tmln  lie  in  an  eiter^ 
tcroMm. 

I,  •■  4>  >-) 

The  ata-lkn  Olaria, .  auudiea  the  xal  (kin  ofeonaniarcfc 

•-  I.  <.  t        " 

PaMlly  TrkbccbtdE— Walmea,  ititcnnodialc  bchteen  the  OUuihIk 

and  the  MSh.     Tbe  lund  feet  can  be  tuned  ferwardi  and  aaed 

on  had.     Tbe  upper  caalnea  farm  tanc  tuaka :  the  Mhcr  ttccfa 

are  i«alti  aiaglc  tixxod,  and  apt  to  liff  out ;  IboM  gcMnltr  in 

II)*  tiy 

nae  aae •  boa  ibe  dentllioti  of  the  ItMua  ii  — ■ 

"»»  J'l" 

Hie  jsar  aeemaidaltirtljralMal,  an  adapialioa  petbipa  (onni«e)- 

craahjag  lottead  ot  lUi-CBtchinc. 
TbcM  arc  do  niamal  on. 
Tbe  walm  or  aaonti  Trithakmt. 
Family  Phocid*— Seala.  ibe  laoal  apaciaUatd  Pfsniiialt.     TV  bind- 
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Untoat*  ilieichcil  out  behind,  ftnd  the  Mning*  Jumfiini;  niuv«. 
menu  on  lanil  ■(«  «jrect«d  by  Ihe  trunk,  MmitiinM  hdjicd  by 
the  rort'limls.  The  palnu  and  sola  arc  hoii}-.  Thn«  aiu  hcII- 
dcvelcijicd  cnDtnct,  the  upper  inciKin  have  pointed  crowni,  <h«ic 


itrc  ~  IjDck  (ceth. 


There  i«  no  esternal   car.     The  IctUa  aie 


The  commim  seal  \Phoca),  >— ;  Ihe  grey  sen!  \.HaKslarrttt\ 
•  HI 
the  monk  leal  \M«tKikiit\,  Ihv  Inr^o  elephant  scaJ  |.V*rrtiri(imu 

Sub-Order  Ckxouokta  (exlincl). 

In  Eocene  and  cxtVj  Miocene  litrata,  in  Riiiope  and  Ameikn,  [here 
arc  icDudnb  uF  what  term  to  Ue  gciiiTalihiril  Citnlvura.  anceittial  to  [he 
nwd«ni  t^pcs,  iLn<!  ii[iiKirtntly  related  lo  Inwclivora  m  well.  Thoae 
included  in  Ibe  mbordrc  CieoJonla  have  Mcong  canine*  hut  no  >i>U!'c 
camat^alx,  whiU  ihc  molnn  arc  oAcn  like  thoce  of  Manupkli.  Tlu 
brsdn  tccmt  to  have  liecn  imall. 

Examples  : — HyirnmtMt,  Pttrvden,  Prooivem,  ArtttiyBii. 

Order  7.     Insectivora. 

This  order  includes  hedgehog,  mole,  shrews,  and  rotated 
mamtnalB.  There  is  much  diversity  of  type,  so  that  a  state- 
ment of  general  characters  is  very  dillicult. 

Most  Inseccivorcs  run  ahout  on  the  earth ;  the  mole 
{Talfa),  and  others  like  it,  are  burrowers;  PotamogaU, 
Atyogatt,  and  others  are  aquatic :  Tupaia  and  its  reluiives 
live  like  Kt]iiirTclx  among  the  branches;  and  the  abcmint 
"flying  Lemur" — GaUopithtiut  takes  swoops  from  tree  to 
tree. 

Most  feed  on  Insects,  but  tf<(/f«/(yAct-«j  and  some  other 
arboreal  forms  cat  leaves  as  well,  the  moles  cat  worms, 
Poiamueale  is  said  to  feed  on  Ash. 

The  body  is  usually  covered  with  soft  fur,  but  the  hedge- 
hog {Erinticeus)  h  spiny,  and  so  to  a  less  extent  is  CenMes, 
the  groundhog  of  Madagascar.  The  digits,  usually  dvc  in 
number,  arc  clawed,  and  the  animaK  walk  in  plantigrade 
or  Kemi-plantigradc  fasliion.  In  moat,  the  mamma:  arc 
thoracic  or  abdominal ;  in  Galofithtcus,  there  aic  two  pairs 
in  the  atillar)'  region. 

The  cranial  cavity  is  small ;  the  skull  Is  never  high ;  the 
facial  region  is  long :  the  zygomatic  arch  is  slender  or 
absent.     Except  in  Potamogali,  there  arc  clavicles. 
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There  are  more  than  two  incisors  in  tlit;  mandible  The 
enamcl1c<]  molars  have  tubcrcubtcd  crowns  and  well-de- 
^eloped  loots.  In  many  cases  ii  is  not  easy  to  distinguish 
the  usual  division  of  the  teeth  into  incisors,  canines,  pre- 
molars, and  molars,  but  in  many  tlic  dentition  is  tyiMoil— 

3.  '-  4.  3=44- 

In  the  hedgehog,  according  to  I^che,  i.  3,  pm.  x,  m.  ■ 
of  lh«  upper  jaw,  and  i.  3,  c,  pm,  3,  m.  i  -3,  of  the  lower  jaw. 
arc  persistent  milk  tccih, — a  mixed  and  primitive  condition. 

The  cerebral  hemispheres  arc  smooth  and  leave  the 
cwebcilum  uncovered ;  the  olfaaor>'  lobes  arc  Urge ;  ibe 
corpus  callosum  ts  short  and  thin.  Thus,  as  rcftard.s  the 
bram,  the  Innectivora  represent  a  low  grade  of  organiKati 

Except  in  Galeopilhtms,  the  Ntonuich  is  a  simple  aac  ; 
intestine  is  long  and  simple,  but  the  vt^tarinn  furmi  hav-c 
cecum.     In  most,  there  are  odoriferous  glandt,  axillarj'  in 
shrews,  but  usually  near  the  anus. 

The  testes  arc  inguinal  or  in  the  groin,  or  near  the 
kidneys,  not  in  a  scrotum.  The  penis  may  be  pendent 
from  the  wall  of  the  abdomen,  but  is  usual!)-  retractile. 
There  is  a  bicomuatc  or  two-homed  uterus.  Escei«  in 
GaltofUhccHS,  several  offspring  and  usually  many  are 
at  once. 

The  allantoic  placenta  is  discoidal  and  deciduatc     Th< 
is  a  provisional  yolk  sac  placenta. 

Inseclivora  are  rei»esented  in  the'tempemte  and  tro]H< 
xones  of  both    hemispheres,  but    not   in   S.  America 
Australia. 

Suh-Orilei  Intcctlvdni  V'cn: — liuvelivorct  with  free  limbt  tuiietl  fee 
moveincnl  an  Imiil,  climbing,  bnriowii^  or  amnimini;.  "  The  upp«f 
and  lowci  inciBon  are  conicnl.  unicnipidate  en  with  IomiI  ctMpa  atU)', 
the  lowei  not  pectinated." 

E>amp1«i :— ihc  hcdgchogt  (f  r/«Mm»).  throuGhvul  Eurupc;  Afttca, 

and  inotl  of  Alia,  Jcntilion  — ;  the  ahtcwk  \,Satts\.  ta  Europe, 

4'*1 

Alia,  aiid    K.    Amcrira.  <lontilioo   —  i    Iho   mdr*  (T^i^), 

Sul 
tktm. 

_ 


w. 
n. 
Se 
le 
inc 


ihrnughnut  ilic  I'alaTnrriic  reftion  j  llw  taillrth  tciwcc  {CfHUl*i\ 
of  MatlHtpucar :  ilic  S.  Aftican  golden  moln  {Chrymki^u';  - 
the  African  jumjiin^  ihrcwi  \,MatTeiitliiks) ;  ihc  Uticntal   ti 
(hrewi  ( Tifaia ). 
Sub-Order  IJeraioptc™ ;— fcprctcntol  by  (he  vciy  divtmni  GaUMt, 
Iktnu.  which  almou  rcT[ulTci  an  orilei  (ot  iUelf     The  wre  and  hbid 
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limla  src  conncetdl  by  it  potofhulc,  and  the  tnimil*  an  glide  from  irec 

to  ircc.  "iiomcliinci  iravciung  a  \\aex  q{  levcnty  j-udi  uilh  a  dnccnl 

of  onlyitiout  oncln  live."    The  \i\iXKt  anil  lower  InclKin  ur  coinpnucd, 

miiliiciiH[iiilj«e,  ilic  liiwci  Jccj'ty  jicrliiialcil.    Two  »|ipfip>  of  (hu  ecnut 

live  in  the  forcsti  uf  the  Malayan  tcgiun.    They  ore  noctuiml,  anrr  ficcd 

'"' 
on  Icait*  and  fniil.    The  dentilion  it  — .    There  ate  numorotu  nkelecal 

peculuniicL 

Order  8.     Chiroptera— Bats. 

BaU  are  s.jieciaLiBed  Maininaltt  related  to  Irtsectivores. 
They  have  the  jiower  of  flight,  the  fore  Iinil»!(  heing  modified 
as  wingK.  The  wing  is  mainly  due  to  an  extension  of  the 
skin  stretched  between  the  very  long  fingers.  The  fold  of 
skin  usually  tx^ns  from  the  shoulder,  extends  along  the 
upper  margin  of  the  arm  to  ihc  base  of  the  thumb,  thence 
between  the  fingers,  and  along  the  sides  of  the  body  to  the 
hind  legs  or  even  to  ihc  tail.  Contrasted  with  the  wing  of  a 
bird,  that  of  a  bat  has  a  rudimentary  ulna  1>esidc  a  long 
curved  radius,  a  wrist  with  six  bones,  five  free  digits  with 
long  metacarpals  on  the  four  fingers.  The  shoulder  girdle 
is  ver>*  strong,  there  is  a  long  curved  clavicle,  a  large  tri- 
angular scapula,  a  long  coracoid  process ;  the  ]>restenium 
bears  a  slight  keel  on  which  are  in.tcrted  some  of  the  muKles 
tised  in  flight.  The  thumb  is  always  clawed  ;  the  other 
digits  are  uncbwed,  except  in  most  frtigivorous  bats,  where 
the  second  digit  bears  a  daw. 

The  hind  limb  is  relatively  short  and  weak,  the  pelvic 
girdle  is  also  weak,  and  in  most  cases  ibe  pubic  sympb)-si8 
is  loose  in  the  mates,  unfonned  in  the  females.  The  knee  is 
turned  backwards  like  iheelbow,  the  ankle  has  a  cartilaKinou!! 
prolongation  or  calcar  wbieh  supports  the  fold  of  skin 
DCtween  limb  and  tail,  the  live  toes  are  clawed. 

The  veilcbml  column  is  short,  there  is  little  mobility 
between  the  vertebrae,  neural  spines  arc  absent  behind  the 
third  cervical  except  in  Pteiopida^  the  caudal  vertebrae  are 
very  simple.    The   ribs  are   usually  flat.    The  maximum 

dcnution  is  —  :  the  milk  teeth  are  very  dilTerent  from  the 

permanent  set.    All  the  bones  arc  slender,  and  have  relatively 
large  medullary  canals. 

The  cerebral  hemispheres  are  smooth  and  leave  the 
cerebellum  uncovered.     The  spinal  cord  is  at   first  very 
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broad,  but  namnn  rapidly  behind  the  neck.  The  sense  a 
touch  is  reniBrkably  developed  i»  the  hot  skin  of  the  wing 
the  large  mobile  externa)  ears,  the  whisker  hairs  of  thi 
snout,  and  in  the  strange  pliuted  "now  leaves"  nround  th 
nostrils.     Even  when  ilejirived  of  sight,  hearing,  and  icmcll, 


do.  sdj.— SUelclon  ot  Foa  Bal,— Plcropiix. 

C/.  Ctivklg:  tl.  hunicruii  A.  ndiiu:  U.  iDiMnplcic  uLiui  Tk. 
ihuabi  Cn,  carTpaU:  'V.  iiKii-vArfttl>  )  awl  t :  PK  phklAfijEAii;  y. 

bals  will  fly  about  in  a  room  without  striking  numerous 
wires  stretched  across  it. 

The  lempemiure  of  the  body  is  high.    The  testes  ore 
■bdominal  or  inguinal ;  the  penis  is  pendent.    1'lic  uterus 
~  nple,  with  corntia  generally  short.     There  is  usually  but 
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one  offspring  at  a  time,  Th«  m.iinni»  are  ilioraiHc,  f(ener> 
stiy  post  axillary.  Ai  in  IntKcitviira  aiul  Kod<:tiit,  the  j'olk 
sac  forms  a  provisional  placrenia,  and  ihe  allantoic  placL-nU 
is  discoitlal  and  dccicliiatc. 

FoMil  Chtroptcni  occur  in  Upper  Eocene  strata,  but  are 
quite  like  the  modern  forms. 

I'hc  two  sub-orders  of  bats  may  be  contrasted  as  follows: — 


UtucMiiNrnnu. 


riu2i<w«u>  iMu,  utaaOy  Imi» 


HrcaecinMtTMt*. 


I,  wilh  a 


lonilluilliiid  EFAov*. 

Th(  ibunib  ■•  clawc<t.  ind  (anenllr  ilw 
l)lc  wcwid  dicil. 

Til*  lull,  irpTBtiir.  i>  btlo*-.  n«  bDund  up 
wilh  ibe  iniffffBiHnr^l  jntiDbfanc, 


Tbc  pyloric  paFi  or  rh«  tionuch  ■■  In  mvt 
cAwt  ihU4ib  eloii^itd- 

Found  In  •arm  anrl  tio|iiml  puu  of  iha 
KAUvrh  beniiiphcrt. 

Til?  "  ni,;iiji.(„«ei "  oi  fni.Iau  (/"(fm- 

«'tY  \Ms,i.  uilleiH  hii*.  di«ifjbui«ij  frnpn 
■dicucar  In  InrlU.  (.>yl«ii.  MoUia. 
3.  Japvi,  Auitxilu.  Pelyijfifc  Tht  fai- 
g(H  ipcda  (/*.  <^WKtJ  mivurH  li«i  ttci 
■ooBiiiiiifMil  vlnp,  Uemlilon,  1^)1. 
In  Indl*.  Cjmt^ltnti  mmtimi/md  a 
iriy  (uanwn,     Xtmlkarffia  ^ot*/"" 


Viwlly  iiiKCIinrtiiu  baii.  %«aSi  bi  ibb 
Tho   mal^r^    hnbv  cutpvd   (rwiiis   wtCh 

In  iht  hmd  ihi  ihumti  <*&•§  li  diiwal. 

Th*  uil.  ir  pravnt,  b  buad  up  (rilh  Ibc 

iiiln(T<nuril  nienibMiK.  of  I<eiii1an|iu 
up^jcr  rurfAcc. 

Kinpi    ID   on«   Akinlly  ilu  »omdch  It 

Found    in   iIie   iroplial   wid   MirpanU 
r*f  ionh  of  balh  bBmi^>bti«L 

KtJLfniilH;— 
Tbe  banc^thoa  txH  (XiUmytll^aiX  lb* 
nmniDn  plplurtll*  lynftti^  Miitnl- 
im),  lb*  K>niu  Viiftrtittt  viAi  lour 
firiiiiji  ipcritv.  K4A^,r'«j  r^-tfrttav.  a 
tarja  nnulUan  fnnn.  ahich  iMim  »  hari 
b««n  •TTDntuukly  cndUvd  «iib  blood- 
■ucbinc  halrEit,  ihc  oammDn  vun|^N 
U>ltm*dms  ni/ii>  M  Aninlcu  bu— • 
rormldAbfr  blood 'tuclur. 


Order  9.   Lkuukoidra.     [.emurs. 

Oinnions  differ  as  to  whether  the  moiikcy-like  animals 
known  as  I.emurs  should  be  ranked  with  monkeys  as  a  sub- 
order of  Primates  or  referred  to  a  separate  order.  They 
differ  from  monkeys  and  men  (Anthropoidea)  in  the  follow- 
ing points  ; — The  orbit  opens  freely  into  the  temporal  fossa 
(except  in  Tarsiui) ;  the  lachrymal  foramen  lies  outside  the 
orbit;  the  first  pair  of  upper  incisors  is  separated  tn  ihe 
middle  line  (except  in  Chiromyi) ;  the  cerebral  hemispheres 
are  but  slightly  cunvolutt-d  and  do  not  completely  orerlttp 
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Ibe  ceretwlltitn ;  "the  niiddlc  or  tnn§^'crsc  portion  of  tli 
coton  is  atnioM  always  folded  ur  convoluted  on  ttsetf;"  thn 
may  Ik  alxlominai  mammu; ;  tl>e  uteru:!  is  brcomiuie  ;  th 
pbocnU  is  difTuv:.  Ilic  dcniition  of  I^miin  varies  greatly 
in  some  ii  is  ^J 

The  Xxtwxn  are  small,  fun?,  inonkejr-lik«  atadrapcdi 
Many  arc  nocturnal,  alt  arboreal.  Ilii.-y  fcea  on  (hiit 
and  leaves,  on  eggs  and  small  animals.  So'cn  gcncn 
live  in  Madagmctf,  thnx-  genera  occur  in  the  Africai 
continent,  and  other  three  genera  are  represented  hert 
and  there  in  Oriental  foresU  as  far  east  as  the  Phili|>]iii>e 
and  Celebes. 

At  roniia*  of  cMinci  LcRnirt  afe  fcmd  m  Europe  uii)  N.  Anawia 
ibc  tlUtti  Iwtiaa  of  Uic  uHcr  a  ikiw  |;Tc>ii]r  rmrietnl,  anil  no  tea 
ilun  ibiiiy  otii  of  ihc  lutal  of  fiftf  tpecio  xxt  oonfincil  tii  Mwlaipnau 
Wilbcc  cuncindca  from  Ihe  ilnUibution  M  l^onMiB  ihot  iImtc  mM  havi 
hem  "■  bigc  Inci  of  Uad  in  wtuil »  now  Ibe  ladiaa  Occu.  CMWeet 
■ng  Maibguor  on  ili«  cne  homl  villi  Cejrten,  uhI  wilb  the  MWh] 
couniiiB  on  ihc  oihcr.  About  tbe  Mate  time  (hut  pcr)ui|i>  not  cooica 
ponineoudy)  MwU|!ucaf  muM  haw  bam  CMrincctal  wiih  Mmc  purtioi 
d  Sciuihcrn  Africa ;  itnil  the  whole  oX  Ibe  «ouDlry  wciulil  poraew  n 
othrr  I'limalen  but  Ltmiiroiiln."  Whether  lUi  be  aliogtt»n  tme 
aoi.  it  ii  ceiuin  ihai  Ihe  Lemu*  ue  alanil  6roai  rcpuns  where 


they  lived,  th*l  most  of  (be  modeni  Akim  are  feond  (like  the  Munriali 

an  an  iiUnd,  tbu  ihU  Iftnilalcd  isoe  hat  evolved  to  tcvenl  Trriribr 

dirediani.  Ihai  oulndc  of  Mmiiptnir  llic  l.einur(  nulnlain  Uieir  exfd 

encc  on  a  few  olhci  !«land(,  or  by  hidlniE  in  the  (orcMik 

TVw  ire  three  chief  type*: — 

(a)  Thill  at  the  Lemuridic  t,g.,  in  Matla|jiu(ui  Ltmitr,  an>)  Ibi 

iai^    Jmfrit  (3   feet   fun£),  io  Afnca   Gttl«gf,   in    .Slala; 

/f^tinhm,  io  Inttia  ind  Cc)-1on  Lfris. 

it)  Tannu,  a  ipcmliicd  Indo-Mnlnyan  tvpe  with  mawy  nccuUari 

lie*,  t.g,.  the  oiteanciim  anil  navicuur  arc  elon|puod  tike  thi 

calcancum  and  uiraciluii  in  the  fiO);. 

<f)  Ckirrmyi,  ihe  Aye-Aye,  a  tpocialiacil  IttwIaraucM  Ijpe.  witt 

many  f>rcii'iarilic«,  t.j;..  nilh  incitort  tike  InoM  of  Koiknis, 

and  wiih  ■  vny  much  altenuated  niiilille  fin^C' 

Order  lo.    AFiTHROPOiot:.v. 
This  order  includes  five  families. 
Family  5.  Hominida-.     Man. 

4.  Simiidic.     Antiiropoid  Apes.  \    Old  ^Vorl< 
Ceroopithccidx.     Baboons.     ]    Catairhini. 

) 


3.  C'cbidae.    Ameritan  Monkeys.  1    New  Work 


I.  Hapalid^e.     Marmosets. 


Platyrrhini.  1 
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Thi'  follftwing  chiiractcrislics  are  geiicralty  irue. 
ThL-  body  is  hairy,  least  lo  in  m.-in ;   the-  dentition  is 


u-- 


Via.  364.— Skeleton  of  Male  Gorilla.     (Kmm  Eillfllnicch 
Mu««uin  of  Seienci:  and  Alt.) 

1I-,  tliiviclf  :  II,.  lip  :^  itaimla  ;  S.,  pnaHrtium :  H.,  bunmu ; 
r.,  ndvii .  iL.uliu:  //-.  ilium  :  C*.,  csee|Ni ;  /"..piitni  1 /«.,  iKUnn ; 
/'.,  hinUT :  I..  tibU  i  J..  Illiiila. 
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diphyodonl  and  h«terrKlont ;  the  incuont  do  not  exceed  ■  ; 

t)iv  inoiars  arc  -  cxci-pt  in  the  mnrmusns  wheru  ihcy  are  ■  ; 

tlic  axi.t  of  ihc  orhit  i.t  dirccttfd  foro-aiil,  and  the-  orbit  is 
ciMcd  olT  from  the  ivmjwnti  fossa ;  the  cUriclcs  arc  well 
devclop<.-d  :  the  radius  and  ulnit  arc  never  tinilcd  ;  the 
scaphoid,  (he  lunar,  and  usiuilty  the  os  centrale  remain 
distinct  from  one  another ;  there  arc  usually  fire  fin{ters  and 
five  toes,  but  the  thumb  may  be  absent  or  mdiuientAr)' ; 
the  bi(t  toe  is  opfMxahle  except  in  man,  and  has  a  flat  nail 
excc-jM  in  the  oruig ;  Che  ihuinh  it  usually  more  or  lesa 
oppoaablei  the  cerebral  hemiq)hcTcs  have  numerous  con- 
volutions and  overlap  the  oerebellum  ;  the  stomach  is  simple 
except  in  Srmnofiil/ieeut  and  its  relatives,  in  which  it  is 
sacculated,  and  there  is  a  caxum  which  ia  often  large ; 
there  arc  two  mammce  on  the  breast ;  the  uterus  is  sim^de ; 
ilie  testes  lie  in  a  scrotum  ;  the  placenta  is  meta-discotdal, 
being  developed  by  the  concentration  of  tl«  villi  from  a 
diffuse  area  into  a  well-defined  disc 

Some  of  the  characteristics  in  which  the  Anthrojjoidca 
differ  from  Leniuroidca  may  be  re-em phasisod  :^the  orbit  is 
scpaiated  from  the  tem|)oral  fo^sa  by  a  bony  |>artition  ;  the 
lachrymal  foramen  ik  xicuatcd  within  the  margin  of  the 
orbit;  the  median  up|K;r  incisors  are  in  contact;  the  cerebral 
hemisphcFcs  arc  richly  convoluted  and  hide  or  almost  cover 
the  cerebellum  ;  "  the  transverse  ponion  of  the  colon 
extends  uninterruptedly  across  the  abdomen ;'"  the  mamma: 
arc  never  abdominal ;  the  uterus  is  not  bicomuute  but 
simple;  ttie  |>bcentation  is  meta-discoidaL 

Family  i.  Hai'AUD.c  (  =  Araopithecini)i     Marmosifts. 

The  marmosets  are  the  sniallcst  monkeys,  beinij  no  larger 
than  squirrels.  They  live  in  companies  in  tlie  Neotropical 
forests,  especially  in  Brazil,  and  feed  on  insects  and  fruit. 

Their  dentition  "'^  n  distinctive,  for  other  Anthropoidea 

have  ■  molars.      There    is  a   broad  septum  between    the 

s 
nostrils,  as  in  the  other  New  World  monke>s ;  the  external 
auditory  meatus  is  not  bony.    The  tail  is  long,  hairy,  and 
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non-prehentilc.  The  arms  arc  not  longer  than  the  legs ; 
there  .ire  no  check  pouches  nor  ischial  callosities.  The 
ihiimh  or  pollcx  is  long  but  not  opimsabic;  all  thc'digits 
have  a  pointed  claw  trxcept  the  |{reat  toe  or  hallux  which  is 
very  snialL  The  marmoiiet!!  often  bear  thrte  yuung  ones 
at  a  birth,  whereas  the  other  monkeys  usually  bear  hut  one. 
There  are  two  genera,  //nt/M/r  and  Midas. 

Family  1.  CebiDvE  (  — Pbtyrrhini).    American  Monkeys. 

In  the  American  monkeys  llie  nose  is  flat,  with  a  hroad 
iiiternurial  septum.  They  occur  throughout  tropical  America, 
l)ui  are  most  at  home  in  EJrazil.  .All  are  arboreal,  and  many 
have  prehensile  tails.  The  digits  have  nails,  not  claws ;  the 
thumb,  though  not  opposable,  is  divergent  from  the  frngeis, 
except  in  the  spider  monkey— ./!/-?/«— in  which  it  is  rudi- 
mentary. The  skull  is  rounded,  and  the  frontaN  form  a 
V  sha[>ed  suture  with  the  parietals.  The  dentition  i.t  char- 
acteristic, for  there  are  six  back  teeth ;  the  formula  being 
a  1 33. 

Exunplet :— The  howling  monlccfi  {Myutes),  vrhh  Utbc  vocal 
otCBiw  prolecled  by  the  expanileil  mnniliU«.  ajid  with  an 
Inliatcil  nyoiil  hone  fbrmln)>  a  monniint;  chaiiiticr:  the  wkii 
{Pilkttia)  with  itry  l<iii|;  luil ;  Ny^'tiftlkfiui ;  Chiyiiflktii  ; 
Ihc  niiidct  iiniiiki->i  \Aulei\  with  cicrc'linuly  |)rrhciu>ilc  tall ; 
(lie  ca|iuchiii.i  (CtbtK),  uftcii  imporlol  inlu  EutniM:. 

i'amily  3.  Cskcopithecidx  («Cynomorph  Catarrhini). 
Old  World  dog-like  Apes. 

The  Old  World  apes  of  this  family  are  sttU  tiuadrupeds, 
and  the  snout  or  muude  often  justifies  the  term  CynomoT[)h 
or  dog-like.  There  is  .1  narrow  internarial  septum,  to  which 
the  term  C-itarrhini  refers.  The  dentition  is  like  that  of  the 
anthropoid  apes  and  man,  1133.  The  external  auditory 
meatus  is  bony.  The  thumb  is  opposable,  except  when  it 
is  rudimentary  as  in  Coiolmt.  The  tail  is  noi  prehensile. 
Over  the  rough  surfaces  of  the  everted  ischia  the  likin  forms 
callositiat  often  hrightly  coloured.  The  breast  hone  Is 
narrow.    The  caxum  Im  no  vcrmifonn  aiipendix. 

tn  (lie  Huh.rnmily  Oicopilhcriiui-,  ihcic  ore  chock  pouchet,  ihe 
ituinncfa  in  Biiiipli.-,  (he  fiiir  nnd  hind  liiuln  arr  jiIiikhi  c<|iinl. 

Examplei: — (he  African  babuunA  \Cytteiifha!Hi'\  t.g.,  ihc  inaiiilritl 
(C*.  iwwjHMi)niH*I>le(Dr  Ihcbrighl  oolourh of  th«  Taceand  hipi 


i 


7»* 


MAMMALIA. 


la  lbs  adalt  nak*.  (be  waqaw  (,lta«-H/|  alt  AiiMlc  eicai 

Uw  BuIm;  Apa  KM.  immW^  <d  K.  Africa  and  UitxalUJ  i  iW 

Afriva  Ortifilkttm. 

In  ibe  Mb'faMly  SemDojitihediK,  ihctc  aic  on  cheek  powdis.  tlir 

ilowdi  it  MenlUM  ia  a  oacnfJei  hAUm,  Uk  faiad  lin>b«  ate  Ilmm 

Ihaa  Ibe  faK  linilM. 

Emanlc* :— ibc  »ci«d  ImUm  apo  l.&wJhV^V'tKMj).  ihe  JUUcm 
Crtttm.  «nd  Ibc  pobotdt  noaka;  |.V,uiiAi)  of  Borwcl 


Fig.  165.— SkaltofOnDf-t'tU.     Wnm  Hibntouvh 
MoHuni  <if  ScKtw*  anil  An>} 

/.,  PvicM;/.,  ftnUl;  i|  .  nniaiMlty  jiif'  ii    —illla 

Kaiiiily  4.  SiMtin-f.  ( =  Anthni{x>inon>h  Caurrtiint). 
Anthro]>okl  Apes. 

'I'hc  Old  World  apes  uf  th>&  family  an  the  Ulblioiu 
{I/yiithalfi),  ihc  Orangft  (.Si'm/ii),  the  Chimpaniees  (Tn-j(/o. 
Jytrt  or  Anlkrefofiikretit),  and  the  Goriitu  {(T^ru/ii).     As 
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they  are  ihc  highest  apes  nnd  likesl  man,  they  arc  called 
Anthrtijiokl. 

These  apes  arc  lcs«  like  quadrupeds  tlun  (he  others :  they 
hnvt  no  distinct  tail  nor  cheek  pouches.  Only  in  the  Gibbon 
arc  there  ischial  callosities,  and  ihese  are  small.  The  anna 
arc  much  longer  dian  the  le^.  The  Kieinuni  i.i  broad. 
The  cascuni  lu.s  a  vcrinifuim  aj>pt:ndix.  Ak  in  the  lower 
Old  World  apes,  the  dentition  is  like  that  of  man — 3113. 


Fin,  366. — Skull  orUorillii.    [Fiom  Edlnhur|>h  Mub«um 
of  .Science  &nd  An.) 

The  Gibl»ns(/^Aiiofr/|livi  in  S.-E.  Aua,  aracullyin  the  Malaynu 
rcpcrn.  Tile  lartai  »ilain»  a  hcii-ht  of  Ihnw  feci.  Thcj'  w«lk  e«cl 
wltli  ilic  hgjidi  icadiing  the  Eroiinii.  llie  tkuU  ii  not  piolonffcd  Inlo 
a  vciliral  cie*L  Thoe  U  «n  im  ei.-nl[i>lc  in  llii-  rji|)Uk  The  hsUiu  Is 
w«1l.tlevclo[wd.  They  are  ihi^  hlg-hcKt  a|ir>  titlh  hlnlx  nf  Itcliial  cdjoaj' 
1ic%  Thc7  uri-  iiuinly  ii(l»rviil  in  ihvii  halnto.  Tliry  (coi  (in  fiuils, 
Imt'C!'.  i>tio»lt.  <^IX^  )'">"i:  liii'U  Mjiik-i-i.  Ami  mtccK  Tlicii  mice  U 
powerful,     Ai  reganli  leclli.  tlir  cililvmi  art:  incnl  like  iiiBn. 

The  Otsngs  (^wjd)  live  in  i»nmpy  (brntt  in  Suninin  and  Botncm 
The  nulc>  mauate  orer  four  feci.    T)icy  hbIU  on  iheii  knuckles  unI 
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un  the  onler  <4^^^^BfKl.  Th«  skiill  v,  prolcmgrd  intn  >  i-cniol 
cidl.  ThctcuHH^Bil  *u]i>ii'orl»ul  rHgcs,  Tliv  nniim  uir  vrrj 
lai|[e.  1'hcrc  weiw«lve  titn  ai  in  nun,  »ni1  liitcco  dorM-lumlwr 
vcriebnc  The  t^rynx  it  connected  «ilh  luo  lit|;c  off*  obidi  anile 
vcnirally.  There  arc  no  lH:hinl  callatlilet.  They  aic  Mtbonal  in  Ihrir 
habilk.  anii  niuk*  nctLt  In  llie  bianctics.  Thcjr  jtra  excluui-ely  ><.);<: 
Iftrian.  Ah  rcsirili  the  iiruciiitc  uf  llif  biniai  (he  uianip  lUc  moat  lib.r 
man. 

The  Gorillai  {GrrUh)  Xnt  in  Western  Equatorial  AfiiCft.  Tber  »w 
loiVG)  than  all  Mhet  apa,  aad  laicer  (hui  man.  though  not  over  jl  feci 
In  neirltL  The  ainu  teuh  lo  the  miil'ite  pS  ihc  Itiwei  )«.  and  Ihc 
anlinAH  oalk  with  Ihc  backs  of  ibeir  cIi^kU  liuiila  antl  the  Bat  totn  •'( 
their  fert  on  (lie  i;iuun'l.  The  iLiill  W  iwii  prolunnd  Into  a  vciin  jI 
crest.  Tlicic  art  iKuminccil  iiu|>iii-orliitnl  rirl|{m-  The  canincai  of  ilir 
nulei  lire  \'eTy  large.  The  cntitnl  ivitelinr  liciii  vm  b%h  Mural 
iminei.  on  vhich  are  iiucrtcil  the  niUKlciHhich  luopoit  the  hravytkull. 
Thcie  ate  thirteen  riU,  nnd  Ki-cnleuD  AoTVyhaXax  vertebn:.  Tltcie 
i«  no  <■*  ccntrale  in  Ihc  c»pus.  Thsre  aic  no  itcKial  qlIIomiki^  They 
live  In  fomillM  In  the  Inrctl,  and  frrd  on  (ruith  A*  iet;ar<l(  %\us. 
thc^itlllM  ars  nwitl  like  num.  The  main  air  much  iBijcer  ihoM  the 
fciiuln. 

Th«  ChimMnwi^  {AnHmftfilA/fuit  ti>«  in  Watein  afl'l  t>ntral 
Equatorial  Anicn.  Th<r  <lo  not  ciMcd  a  hcichi  uf  e  leet.  The  amu 
reach  a  lilllc  lielow  the  knee.  They  walk  on  the  locks  liS  that  clmcd 
haixli  aftil  on  theii  tolei.  or  etmcd  loea.  The  ikull  ha>  an  high  crota. 
Tht  (upfa^niLdtal  tlika  ate  <tiMk»et.  The  onlnok  aia  uualler  than  in 
Coiilk  or  OfosB.  nnt  It  no  occilnlc  in  the  oMpiu.  Tbcra  m  no 
iuhi^  ealtnilin.  Th«  dtiaftpniUMi  live  in  (unlliis  la  lln  fonot.  and 
■tc  chiefly  ortmrtul,  nuiknie  neita  rn  tr««*.  They  iceni  to  fonl  «n  Ihiiti. 
In  the  ticmoiil  entmutc  of  the  I'citcbral  column  the  ckin^Hnnvi  arr 
IMBl  like  man. 

Family  5,  Homixid*.     GenuH  f/vmo. 

The  dittinctivcficNS  n(  man  irom  his  iKaral  alliL-s  lit^ 
(tt'Dth  oil  I11&  |>owcr  iif  liiitliling  up  itlnts  an<l  uf  giitditi^ 
hiH  rotiduci  l>y  ideals.  Itiil  iherr^  arc  some  stnictural 
peculiaiilics  of  itttiTCtL 

Man  alunc,  aSu:t  his  inbticy  is  ]ust,  walks  Ihorauglily 
CPoci.  Thotijili  hts  hMd  in  wtighiiAj  t>y  a  hwry  I'tnin.  it 
doM  not  druop  forwarcU.  With  hi»  U]>righi  attitude,  tli« 
incmxcd  coninuiitd  of  vocal  mechaniMm  is  prrhain  in  |nrt 
connccicd. 

Man  pbitu  the  mica  of  hb  feci  flat  oti  ihc  ground ;  the 
f[rrni  KNt  nrv  ofttin  tonccr,  iiL-vcr  shtmcr  ttian  ihc  olhcn, 
ami  he  ii>  a  lint-  wiih  ihLiiii  be  hatt  a  tetter  heel  than 
iDwikiyk  h^ivu.  Nu  >-ni)itia>is  can  be  laid  on  the  itid  dii- 
tioLUiiH  which  K[iarai<.-d  two-handed  nen  (Uitiuna)  from 
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Ihc  ''  foui-handcd  "  munkns  (Quadr umana),  nor  oa  the  bct 
that  men  are  peculiarly  naked.  But  "  the  arms  are  shorter 
than  the  tees,  and,  after  birth,  the  latter  grow  faster  than  the 
rest  of  the  body." 

Compared  with  the  anthropoid  apes,  man  has  n  bigger 
forehead,  a  lc»  protrusive  face,  smaller  check  bones  and 
supra-orbital  ridges,  a  true  chin,  and  more  uniform  teeth 
(i,  I,  I.  3),  fonniiif!  an  uriiiiierrupted  horse-slioe-shapcd 
series  without  connpicuMuscnnint^ 

More  im|iortant,  however,  is  the  fact  that  the  weight  of 
the  gorilla's  brain  bears  to  that  of  the  smallest  brain  of 
an  adult  man  the  ratio  of  2  :  ;),  and  to  Ihc  brgi-st  human 
brain  the  ratio  of  1  :  3;  in  other  words,  a  man  may  have 
a  brain  thiLc  times  as  licavy  as  liiat  of  a  gorilla.  The  brain 
of  a  health)  human  adult  neicr  wughs  lets  tlian  31  or  33 
ounces;  the  average  human  brain  weigh.i  4S  or  49  ounces; 
the  heaviest  gorilla  brain  docs  not  exceed  jo  ounces.  "The 
cranial  capacity  is  never  less  than  55  cubic  inches  in  any 
normal  human  subject,  while  in  the  Qrang  and  Chimpanzee, 
it  is  but  16  and  37}  inibic  inches  reatiectively." 

Uui,  as  Owen  allowed  long  Jincc,  there  is  an  "all-pervad- 
ing similitude  of  structure  "  between  man  and  the  anthropoid 
ai>es.  As  far  as  structure  is  concerned,  there  is  mtich  lets 
difference  between  man  and  the  gorilla  than  there  is  between 
the  gorilla  and  the  niaimosct. 

The  arKuments  by  which  IJarwin  and  others  have  sought 
to  show  that  man  arose  from  an  ancestral  type  common  to 
him  and  to  the  hif^er  apes,  are  the  .laine  iu  those  used  to 
xubsinniiflie  the  general  doctrine  of  descent.  The  "  Dtueni 
0/  Man "  is  the  expansion  of  a  chapter  in  the  "  Origin 
cf  Sfiecits."    The  argtimcnts  may  be  briefly  summarised. 

(i)  Physiological.  The  bodily  life  of  man  is  like  that  of 
monkeys ;  men  and  monkeys  arc  subject  to  similar  diseases  1 
various  hum.'in  traits  of  gesture,  expre:u(ion,  &c.,  are  paralleled 
among  the  "  brutes  ; "  reversions  and  monsters  corroborate 
the  Jilliance  sadly  enough. 

(3}  Morphological.  The  structure  of  man  is  like  that  of 
the  anthropoid  apes;  none  of  his  distinctions,  exci,-]>t  that 
of  a  heavy  biain,  arc  momentous;  there  arc  alx>ul  eighty 
vestigial  structuics  in  his  muscular,  skeletal,  and  other 
systems. 
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(5)  HtMoricaL  Ccnaimiec  in  repid  to  remains  tt  prf> 
mttrve  mas  are  In,  b«  hb  indinml  dnelapad^ 

like  a  tccafiitiilatiaa  of  anccatnl  MAoir. 

To  ouxiy,  oun  MODi  too  mamtUoos  to  have  besa 
Klljr  evolved,  10  o^Mn  the  evidence  seems  iiiinigii  ii  in.  bol 
Ef  the  doctrioc  of  dcKcM  it  croc  for  (Kfaer  ofgwaoB^  it  s 
surety  true  for  inui  also. 

As  (o  iIm:  aniir[uiiy  vi  the  honaa  raoc.  it  is  certain  that 
men  lived  in  Euixifx;  in  (he  later  suges  of  the  Ice  Age,  and 
there  an;  indtcations  of  hunun  life  in  FliooeDe  times.  Bat 
iu  it  u  certain  that  man  could  not  have  arisen  from  any  of 
the  known  anthropoid  apes,  and  lilcdy  that  he  arose  from 
an  ancestral  nock  i:ominon  to  them  and  to  him,  it  secflM 
Justifiable  to  date  the  antiquity  of  the  race  not  later  than  the 
lime  when  the  anthropoid  apes  arc  kno«n  to  have  existed 
as  a  distinct  race.     This  takn  us  back  to  Miocene  ages. 

If  m-in  W3H  naturally  evolved,  the  factore  in  the  process 
rc|uire  elucidation,  hut  in  rqjsrd  to  these  vre  can  only 
s)>ccubte.  From  what  wc  know  of  inen  and  monkeys,  it 
■ecms  likely  thai  in  the  stru^cs  of  primitive  man  wits 
were  of  more  use  than  strcnglh.  When  the  habits  of  using 
Ktickt  and  atone,  of  building  shelters,  of  living  in  families 
Ix-gaii  and  (hey  have  begun  among  monkeys — it  is  likely 
thai  wits  vFoiiltl  grow  nipidly.  I'he  jirolonged  infancy, 
chnracteriHUc  of  human  ofTspring,  would  lielp  to  evolve 
gentleness.  Hut  even  more  important  is  the  fact  that  among 
monkeys  there  are  distinct  soddies.  Families  combine  for 
protection,  the  combinaiion  favours  the  development  of 
emotional  and  imdleclual  strength.  "Man  did  not  nuke 
Nocieiy  ;  society  made  man." 

]-'inal)y,  11  is  plain  that  all  repugnance  to  llie  doctrine  of 
descent  u  applied  to  man  should  disappear  when  we 
clearly  reolixc  (he  great  axiom  of  evolution,  diat  "there 
is  nothing  in  the  end  which  was  not  also  in  the  banning." 


CHAPTER    XXVII. 


COMl'ARATIVE    PHVSIOLOUV. 


'I'liE  comparalivc  study  of  the  Physiology  of  the  Inverte- 
brates has  not  as  yet  been  carried  very  far,  though  there  are 
several  careful  invesiigalions  of  particular  problems.  This 
chapter  is  an  attempt  to  gather  up  vonie  of  the  most  im- 
portant facts,  in  order  especially  to  show  what  i«  somctimet 
forgotten,  that  physiology  has  much  to  say  upon  the  ^neiBl 
problem  of  the  origin  and  maintenance  of  paitictilar  charac- 
ters. A  short  note  on  abnormal  physiolojiiL-al  conditions 
and  their  bearing  upon  evolution  has  aUn  liei^n  aildt:d. 

The  Phytiotogy  of  the  Nen'out  Srsfrm  has  bueri  very 
fiiliy  investigated  in  several  cjsc.t  among  the  Invi-rtebraics. 
and  we  will  ihcrcfore  begin  our  siir*cy  with  it. 

We  may  »y,  in  the  most  general  way,  that  the  function 
of  (he  nervous  system  is  to  bring  the  organism  into  relation 
with  the  external  world.  The  mechanism  by  which  this  is 
effected  consists  typically  of  three  parts: — (il  the  peripheral 
nerve  endings,  which  receive  the  stimuli ;  (i)  the  ncr%-cs,  or 
patlis  by  which  the  stimuli  are  conveyed  to  or  from— (3) 
the  Central  nerve  cells.  'ITie  peripheral  end-organs  with 
which  we  are  mo!l  familiar  arc  those  of  eye,  ear,  and  the 
other  special  senses ;  but  wc  must  not  forget  that  the 
term  itiL-it ion  of  nerve  in  muscle — the  so-called  end-plate— fs 
equally  a  peripheral  nerve  ending.  All  nervex  nru  in  com- 
munication on  the  one  hand  with  a  peripheml  orgnn,  and 
on  the  other  with  central  cells. 

It  is  obvious,  from  the  above  delinilion,  that  neither 
I'roiojioa  nor  Sponges  possess  a  nenous  srftfm.  l-'or  in  a 
Ptoioioon  the  receptive  and  perceptive  mechanism  is  «ui« 
tained  in  the  single  cell, — any  part  of  the  proto])lasm  will 


73a  COMFAHATIVB   PHYStOLOGY. 

Topond  to  cstcmal  sltmuli.  In  Sponges,  the  Innsmission  of 
stimuli  is  ciTccied  by  ihc  general  protopbsm  of  the  cclb — 
little  division  of  labour  being  apparent — ibough  here  and 
ihi.-«c  so<^led  nerve  cells  hai-e  been  described. 

Among  the  Ctelenteni,  we  find  in  Hydra  special  nerve 
cells,  but,  as  proved  by  the  Tamiliur  re^eneratiun  experi- 
ments, theK  arc  all  similar  and  eiiiiivali;i)<.  On  the  other 
hand,  among  the  "jellyfish."  wc  lind  nerve  centres  and 
ner%-cs  quite  distinctly  different ia ted.  As  we  should  expect, 
the  nerve  physiolog}-  differs  in  the  Craspcdou  and  the 
Acraspeda. 

In  the  Craspedote  forms  the  nen-ous  system  consists  uf  a 
rin^  round  the  margin  of  the  liell,  giving  olT  iKfveN  which 
form  a  plexus  among  tlie  muscles,  and  furni»lied  with  slight 
(bickcnings  —  Ibc  marginal  bodin  — at  the  bsMrs  of  the 
tenUclcs.  The  i^ng  controls  the  movements  of  the  swim- 
ming bell ;  if  it  is  totally  destroyed  ihe  movemcnl  ceases, 
but  the  retention  of  a  very  small  part  is  sufficient  to  main- 
tain  ihe  movement.  The  pans  of  the  ring  are  apparently 
equivalent  to  each  other,  any  part  being  cai»ble  of  trans- 
mitting motor  impulses  to  tbc  whole  of  the  muscles  cfTccting 
movement.  The  thickened  areas  of  the  ring  seem  to  have 
a  slightly  more  powerful  effect  tlian  the  undifferentiated 
parts,  bui  the  difference  is  not  very  marked ;  the  marfninal 
uodieii  are,  howe%-er,  di.ttinctly  sensitive  to  tight.  If  a  strong 
twain  of  light  be  thrown  upon  a  swimming  liell,  it  rexjionds 
by  more  active  contractions,  and  as  the  orgnnisms  ore  more 
active  in  light  than  in  darkness,  wc  may  cuncludt-  that  light 
(along  with  heal)  acts  as  a  constant  stimulus.  If  the  iier\-e 
ring  is  totally  destroyed,  the  animal  becomes  motionless, 
and  docs  not  recover  itself;  if  stimulated  electrically  or 
mechanically,  it  n^ponds  by  a  iiingle  contraction,  or  ooca- 
sionallv,  in  very  vigorous  s|icciineas  by  several. 

In  the  AcnujKck  Ihc  eight  separate  nerve  centres  pn^sidc 
over  the  swimming  movements :  if  these  are  all  destroyed, 
the  movements  cease.  If  the  specimen  is  vigoruuti,  how- 
ever, it  not  infruqucHtly,  after  a  period  of  rust,  resumes  itx 
movements,  sometimes  only  feebly,  sometimes  with  a  &]>evd 
(|uite  compariible  to  lh;it  of  an  uninjured  i^pecimen.  If 
ilimulaied  during  the  latent  period,  the  Medusa  usually 
responds  with  more  than  one  contraction,  thus  being  again 


contiasted  with  the  Crnsiwdoie  form*.  Seiixitiwncss  to 
light  is  exhiliiu-d  in  ihe  ),amc  way  3n  in  (he  Ullcr.  The 
central  nti^oiis  syBlt-m  is  connected  by  a  nctvc  plcvus  with 
llic  muscles  which  effect  movement.  Although  little  is 
knnwn  hisiologicall)  of  i)ic  way  in  which  thL-  iictves  end  in 
the  muscles,  yd  [ihysiu logically,  in  its  relation  to  jioisont^  the 
peripheral  icrmitiation  shows  a  remarkable  rcsemblanoc  to 
the  *'end  plate,"  which  eh.iracicristiailly  occurs  in  the 
muscles  of  Vertebrates.  U'c  find  here,  ihercfore,  even  at 
ihU  low  stage,  that  Ihe  three  distinct  parts  of  a  nervous 
system  arc  quite  clearly  defined.  It  seems  unlikely  that 
division  of  labour  has  gone  so  far  as  to  definitely  difTer- 
eniiate  sensory  and  motor  nerves,  but  it  is  important  to 
note  that  muscular  contraction  does  folloiv  the  application 
ora:(Umu1u.i.  The  difference  as  to  the  effect  of  the  removal 
of  the  ncne  centre  in  the  two  types  is  extremely  interesting, 
but  as  yet  unexplained. 

In  Sea  Anemones  the  nervous  system  has  been  less  fully 
investigated  than  in  the  MedusK.  There  are  no  specialised 
nerve  centres;  nearly  uU  [lart*  of  the  body  when  separated 
seem  to  be  able  to  respond  to  stimuli,  to  that  the  nerve 
cells  must  be  scattered.  The  relation  of  ihc  muscles  to 
the  nervous  tissue  has  the  same  physiological  complexity 
as  in  tlie  Medusa^  An  inieicsting  point  is  the  absence  of 
the  spontaneous  movement  which  is  su  chaTacteTiifti<;  of  the 
Medusiv.  Wq  have  the  same  contrast  often  presented  even 
in  the  life  history  of  the  individual,— comiMre  the  sessile 
hydroid  and  the  active  swimniing  bell,  the  fixed  hydra-tuba 
and  the  pelagic  jellyfish.  Recently  in  the  (Ireat  Barrier 
reef  of  Australia  an  Alcyonarian  h.is  been  found,  in  which 
the  polypes,  though  sesmie,  exhibit  a  constant  rhythmic 
contraction  and  expansion  of  their  tentacles,  so  that  the 
tendency  to  exhibit  continuous  rhythm  is  widely  spread 
in  the  Ccelentera.  The  nervous  system  is  apparently 
tolersbly  uniform  in  type  throughout  the  group ;  what 
determines  the  physiological  peculiarities  has  yet  to  be 
investigated.  There  arc  two  rival  explanations  of  rhythmic 
movements,  such  as  those  of  the  umbrella  of  the  Medustc. 
According  to  the  lirst,  it  is  caused  by  rhythmic  stimuli, 
paskinij  out  from  tlie  nerve  centres  to  the  muscles  con- 
cerned, and  thereby  causing  the  cnntmctions.     The  other 
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out  through  the  shell  to  the  outer  nerve  plexus.  If  any 
spot  on  the  outside  of  the-  shell  lie  lightly  sliniulated,  all  the 
spines,  pcdicullari.-c,  and  tuljc-fct-i  in  tlii^  ndKhbourhood 
bend  lowanis  the  Himt ;  if  it  be  inori;  itruti^ly  iiriiaied,  the 
ipitieH  .ind  tiilie  feet  of  the  Otlier  nc^mcntn  onie  into  piny, 
and  by  their  co-ordinated  ncliviiy  move  (he  animal  m  a 
straight  line  away  from  the  point  of  injury.  The  spines  and 
tube  feel  thus  exhibit  two  ififlfcrcnt  forms  of  activity — one  a 
mere  local  response  to  stimuli,  the  other  a  more  compli- 
cated and  co-ordinated  action.  The  first  is  presided  over 
by  the  external  plexus,  but  for  its  complete  accomplishment 
the  internal  plexus  mutt  he  intact ;  a  conneaion  with  the 
gullet  ring  is  unnccesMir)-,  as  the  action  is  tjuite  as  efficiently 
performed  wht-n  the  .imbiilncntl  nerves  arc  se\-eied.  Over 
the  co-ordinated  action  of  the  spines  and  lube  feet  the 
interna]  nerve  plexus  presides,  but  connection  with  the 
gullet  ring  is  absolutely  necessary.  Tl)e  gullet  ring  is  thus 
of  great  imporUnce,  btJt  the  co-ordinaiinj;  action  is  not 
entirely  limited  to  it.  tjtch  ambulacnil  nerve  can  co- 
ordinate the  action  of  the  lube  feci  of  its  own  segment, 
when  quite  detached  from  the  ring  and  the  other  ambulacral 
nerves.  This  nervous  system  is  a  consideiable  advance  on 
tliac  of  the  jellyfish,  but  the  centralisation  is  still  small. 

In  the  Anhro|Kids,  as  m  the  .\nnclids,  the  (question  of 
the  value  of  the  supra -cvKophageal  ganglia  has  Iwen  much 
debated.  In  Insects,  according  to  Krukenberg,  they  arc 
not  of  great  importance  as  a  co-ordinating  centre,  many 
complex  movements  being  performed  without  the  head. 
But  this  argument  is  hardly  conclusive,  for  a  decapitated 
tortoise  may  continue  to  walk  alonif  for  several  yards.  The 
respiratory  movements  appear  to  oe  presided  over  by  the 
ganglia  of  the  abdomen  ;  they  ore  still  performed  by 
separated  segments,  though  (heir  dqilh  or  frequency  is 
often  disturbed  by  the  separation  from  the  brain.  In  spit<^ 
however,  of  the  independence  of  the  ganglia  of  (he  vcntnl 
chain,  the  brain  here,  aa  in  higher  animals,  directs  the  move 
mentx.  In  the  Crayfish,  while  voluntary  movements  and  th« 
maintenance  of  equilibrium  depend  on  the  supra-cesophageal 
ganglia,  the  infrn-oisophagcal  contain  the  ccnlic*  for  the 
co-ordination  of  the  movements  of  eating,  being  reHcx 
centres,  as  ate  all  the  icmaining  ganglia.    In  the  Crab  there 
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IE  bodi  morphotogicatly  and  phjruokiifpailly  a  much 
amount  or  conccn nation. 

Amon^  the  Mollu^ca  wc  lind  that  in  the  I^mdlibisiKfas 
the-  Ihreu  wu  of  gan);lia  are  o(  ncaAj  ixtual  iniportance. 
There  is  do  defined  central  nervous  sj-utm.  a  (act  wbtcfa 
Wc  may  conebte  with  the  sedentary  iiat>it.  The  motor 
nerres  to  the  great  retractor  mu«ctcs  pas  out  from  the 
adjacent  ganglia  :  [hat  is,  ihc  nvrcbral  ganglia  innervate  the 
anterior  rctraaor,  the  visceral  the  posterior.  The  closioa  of 
the  shell  is  active,  and  is  caused  by  the  passage  of  imptauea 
to  the  iDiisdes  along  the  motor  nerres.  The  <^>ening  b 
more  passive:,  as  the  ebsttc  lipiiient  causes  the  valves  In 
gape  when  the  muscles  relax.  ThU  relaxation  is  caused  bj 
inhibitory  nerres  which  inhiltit  the  action  of  the  motot 
nen-es,  and  the  mutcles  in  conscquetKc  return  to  their 
formcT  condition.  The  inhibitory  nerves  to  both  musdcs 
pass  out  from  the  cerebral  ganglia,  but  there  is  no  evidenoe 
to  jtutify  the  assumption  that  these  have  any  "  btaia " 
function.  The  motot  cdU  of  the  cerebral  and  viscenl 
ganglia  can  be  stimulated  through  many  peripheral 
nerves.  The  heart  is  inncrrated  from  the  visceral  gang! 
Iiut  some  physiologisis  who  minimise  the  importance  of  i 
innervation  maintain  that  tht  heart's  activity  is  largely  ^ 
topbsmic,  and  that  the  nerves  liave  chiefly  or  wholly  bd 
inhibitory  or  trophic  function. 

Antong  the  Gasteropods  there  is  not  much  of  specisi 
interest  in  regard  to  the  nervous  system. 

In  the  Cephalopoda  the  supraKcsophagcal  mass  is  ua- 
doubledly  a  true  "htain."  When  it  is  destroyed  the 
ordinary  vital  functions,  such  as  respiration,  circulation, 
&c,  are  unaltered ;  the  animal  cwitinues  to  rcspornl  to 
extcnul  stimuli,  but  the  power  of  "  volition  "  is  gone :  if 
left  to  iucif,  it  remains  in  one  position  until  death  ensues. 
From  thU  fact  we  »ee  thai  the  centres,  or  presiding  nerve 
cells,  for  all  the  aulomalic  furKtions  are  placed  clM-where 
than  in  the  brain,  but  that  this  originates  oil  the  "  limitary  " 
muscular  movements.  Of  the  various  centres,  the  respitatory 
b  located  in  the  pleural  fpinglia :  from  it  nerves  pan  out 
which  end  in  the  stelbte  );anglia.  and  are  both  motor  and 
semoty  for  the  mantle.  This  centre  is  not  self-acting,  that 
i%  not  automatic,  as  are  the  corresponding  centres  in  higher 
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Vcricbraics,  but  is  only  reflcjtty  sltmulatcd  into  activity  by 
impuUe!!  hotiic  by  atTereni  iiervt's  from  some  part  of  the 
body.  Ic  seeini  mom  reuxonablc  to  siippow  that  ttii.t  con- 
dition ix  priinitive,  and  ihnl  ihe  automatic  form  of  activity 
is  derived.  The  centre  for  tho  movement  of  the  chiomato- 
phoR-s  is  in  the  sub-ccsophngctl  mass.  The  activity  of  the 
hian  i§  said  by  some  to  be  purely  "  protoplasmic,"  but 
co-ordination  of  the  iiarts  of  the  heart,  the  branchial  hearts, 
&c.,  is  effected  by  means  of  the  ganglia  placed  in  the 
course  of  tlie  visceral  nerves  and  their  branches.  The 
arms  are  very  well  inncr\-nted,  containing  a  central  nervous 
axis  ;  even  a  severed  arm  is  soid  to  exhibit  powerful  reRcx 
movements.  This  property  \\  probably  of  some  use  in  the 
free  hcctocotylised  ann  of  the  nvale. 

The  Physiologv  ov  Nutrition. 

Wc  have  seen  that  by  means  of  the  nervous  system  the 
animal  is  brought  into  relations  with  the  external  world. 
It  is  in  consequence  constantly  evolving  energy  in  the  form 
of  movement,  heat,  electrical  cncjg>'(Cjw«i'/«f.  i:c.),  or  light 
(phosphorescent  animals).  V\'e  now  proceed  to  consider 
tiie  manner  by  which  (his  Iom  of  enerf^  is  made  good,  that 
is  the  Nutrition  of  the  Tissues.  Inasmuch,  however,  as  the 
food  of  animals  typically  consists  of  vwy  complex  organic 
substances,  the  process  of  Digestion  must  first  be  considered. 
Digestion  is  the  process  by  which  the  organic  substances  of 
the  food  arc  broken  down  into  simpler  subsuinccs,  which 
arc  soluble  and  dilfusiblL-,  and  capable  of  being  assimitaied 
and  built  up  into  the  substance  of  the  tissues. 

Digettion. 

In  the  familiur  case  of  the  Aimrtut,  solid  food  particles  are 
in^ted,  they  are  surrounded  by  fluid,  and  e^-L-niu.illy  the 
fluid  is  absorbed  with  the  products  of  digestion,  while  the 
useless  and  indigestible  residue  is  rejected.  Primarily,  this 
process  diffiErs  from  that  found  in  Vcnebratcs  in  that  it  is 
I>r//vi-cellu1ai,  instead  of  being  Ihc  result  of  the  action  of 
(Lr/ni-ccllutar  ferments.  I'liere  is  some  doubt  as  to  whether 
Ihe  Proioxoon  type  of  digestion  is  also  due  to  ferments,  or 
whether  the  living  protoplasm  has  Ihe  power  of  directly 
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indudnK  changes  in  subsunces  brought  into  contact  with  it- 
Kjukenbeis  lucoeeded  in  extracting  a  []ei>iic  rerment  froa 
the  plasmooium  of  "  Flcwen  of  Tan,"  but  did  not  beline 
that  it  could  hare  a  digestive  function  on  account  of  ttlE 
aUuilinity  of  nomuLl  protoptaun.  MctchnikoflT,  hoirever. 
Ims  dcmonsoatcd  in  some  cases  that  the  fluid  of  "food 
vacuoles"  is  add,  ai>d  seems  to  hold  that  all  digestion  is  doe 
to  ferment  adion.  Mas  Greenwood  has  also  d«tnonstnied 
an  acid  in  the  vacuoles  of  seveal  Protojtoa.  and  dcscrilicd 
the  iwoccM  of  digestion.  In  any  case  wi:  must  note  that  the 
fbnnatton  of  ferments  appears  to  be  a  characteristic  uf  pro- 
topfasin ;  but  that  as  wc  ascend  in  the  scale  of  being  these 
ferments  are  more  and  more  utilised  in  the  digestive  pro- 
oesMS,  aiid  tend  lo  be  limited  to  the  walls  and  outgrowths 
of  the  alimentary  canaL  We  may  iMte  here  (as  is  more  fuUy 
explained  in  the  section  on  Comparative  Pathology)  that  in 
most  animals  <^erlain  celU  retain  the  primitivi;  Protocoui 
cipariiy  for  taking  up  and  digesting  K^td  particles,  while  the 
general  body  cdb  have  lost  it. 

It  is  a  fact  of  comuwn  observation  that  in  parasites  the 
alimentary  canal  tends  to  be  absent  or  degenerate  ;  nutrition 
is  tuiuilly  aflecied  by  simple  absorption  of  the  juices  of  the 
host.  The  exact  phynotogical  reason  for  the  dinppearuwe 
of  the  gul  is  not  obvious.  Further,  the  method  by  which 
such  parasites  arc  protected  from  the  action  of  the  fetmcntt 
of  thnr  hosts  is  not  clear.  The  reaM>n  n  perhaps  in  pan 
the  thickness  of  the  cuticle,  which  is  composed  cif  substances 
not  aoKnable  to  ferment  action.  A);jin,  Frenzcl  claitns  to 
have  found  an  imfi-eiityme  in  Or^a(ine%,  which  ncutraltKS 
the  action  uf  the  host's  intestinal  juices.  TIk  problem  is 
analogous  to  that  suggested  bj'  the  fact  that  the  cells  of 
the  gut  escape  during  life  the  action  of  its  juices,  by  which 
they  are  often  attacked  after  death,  rrcniel,  indeed,  com- 
pares a  Gregarinc  to  an  absorbing  intestinal  cclL 

DigrslioH  in  Ike  ImxrU^nUa. 

In  the  Ccelentera,  ferments  have  been  extracted  from  the 
bodies  of  jellyiith  and  sea  anemones.  In  some  taacs  a 
tryptic  ferment  was  extracted  from  the  reproduinivc  ot^juns, 
a  peptic  from  the  tentacles  and  mesenteries.     I'he  secretion 
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of  femsnt  is  thus  not  contintd  lo  the  digeKlivi:  rcKirm,  and 
according  10  Krukcnbcrg  ihc  fcnncnis  arc  not  cniploy<.-<l  for 
the  digestion  of  food  outside  the  formative  cells.  In  his 
experiments  he  found  that  solution  and  absorption  of  food 
particles  only  look  place  when  the  panicieA  wt^e  in  actual 
contact  with  the  digestive  region.  In  Sponmet,  digestion  \s 
purely  intra-ccllular ;  in  Hydra,  both  intra-  nnd  exirii- 
cclluUr  digestion  seem  to  occur. 

Aniot)^;  the  higher  warms,  Niruda  is  distingtiishcd  by  the 
absence  of  an  enzyme  containing  secretion.  The  blood  con- 
tained in  its  pouched  gut  is  simply  absorbed  by  the  walls. 
The  similarity  of  this  method  of  nutrition  to  the  purely 
pnTasilic  one  found  in  Cest«de»  and  Tremutodes,  has  been 
advanced  as  an  additional  r»uuri  for  associating  the  leeches 
with  flat  worms  rather  than  with  the  Quctopoda.  The  habit 
of  feeding  on  the  blood  of  other  animals  may,  however, 
have  led  to  some  of  the  leech's  peculiarities. 

In  most  of  the  other  Annelida — Aphroditt,  ArtnUoia, 
iMmirims,  &c. — a  ferment  ca[uble  of  acting  upon  proteids 
has  been  found.  It  is  closely  allied  to  the  tryptic  ferment 
of  Vertebrates,  but  is  not  identical  in  all  its  chemical  reac- 
tions. It  has  been  termed  iso-fryfsi/i,  and  like  trypsin  it  is 
only  active  in  neutml  or  alkaline  solution.  It  appears  to  be 
confined  to  the  .\Mnelida.  Tl)e  intestinal  "  cxca  "  found  hi 
AfihrmliU  u>d  otliera  are  not  absorptive  area.s,  but  n>erely 
reservoirs  of  secretion.  They  arc  rendered  necessary  by  the 
fact  that  the  gbnd  cells  arc  constantly  active,  and  not  merely, 
as  in  Venebiaics.  stimulated  to  action  by  the  presence  of 
food  in  the  intestine.  The  process  is  therefore  closely 
aiialoj^ous  to  the  secretion  of  bile  by  the  vertebrate  liver, 
where  the  liver  cells  are  constantly  active,  and  the  jpdl 
bladder,  like  the  cxca  of  worni»,  serves  as  a  store  chamber. 
But  as  the  bile  i.s  prolubly  not  to  any  extent  a  digestive 
fluid,  and  as  the  true  digestive  glands  of  Verlcbrates  arc 
not  constantly  active,  the  conclusion  is  suggested  that  the 
constant  sciivity  of  the  cells  in  the  worm  is  a  primitive 
condition.  In  most  Annelida  a  diostatic  ferment  also 
uccura,  which  pouesscs  as  usual  the  i>owcr  of  converting 
starch  into  supr. 

Turning  lu  the  Echinoderms,  we  find  that  in  star  fislies 
tryptic,  p^ic,  and  diastatic  ferments  are  all  found.     The 


740 


COMPARATiyE  PaVSlOLOGV. 


voluminous  caeca  arc  not  areas  whcrv  <}igeslion  %iav%  oo.  but, 
as  in  Afknxiiff.  merely  reservoirs -for  tlic  secretion.  In  the 
Hololhuti.ins  no  digestive  glands  have  been,  ss  yet,  found  in 
connection  with  the  gut,  nor  can  aiiy  ferment  be  extracted 
frotn  Us  walls.  The  contents  of  tlie  Kut  ^fc.  Iiowever,  mixed 
with  a  peptic  fernietit ;  this  lan  iJso  t>e  exincted  from 
extra-intcsiinKl  ]>arls  of  the  hody,  so  that  ferment  secreting 
glands  must  exist.  A  simibr  dilTuscncss  in  ihu  occurrence 
of  ferments  is  very-  common  among  the  Kchinodcnna.  It  is 
therefore  asserted  that  digestion  must  go  on  in  various  parti 
of  the  body,  and  thai  it  is  not  limited  to  ttie  alimentary 
met.     Diostatic  fermenu  ate  verj-  frwiuenlly  |)rcM:nt. 

In  Arthroi>ods,  prjHic,  Iryinir,  and  di.n.ttatie  ferments  ntr 
common.  The  [icptic  ferment  is  uniform  throughout  the 
group,  and  has  been  termed  "  hoiuaropcpsin.'  lo  indicate 
that  it  differs  considetahly  from  the  pepsin  oi  Vertehrato. 
On  the  otlK-r  land,  the  tryjiiic  ferment  is  not  disiin^tiiiJuitile 
from  that  uf  Vertebrates.  Both  pqitic  and  tryptio  femienis 
are  often  lecretcd  by  the  same  gland.  The  reiiwn  for  this 
and  itjs  physiological  contequerKcs  arc  unknown. 

In  the  Mullusca,  u'sojihageal  glands,  usually  called 
"  lalinry,"  arc  very  common,  and  often  large.  In  «>me 
cases,  OS  in  £Mium  .ind  others,  these  glands  sccrvte  only 
mineml  adds  (sulphuric  in  Ddium).  According  to  Ilungc. 
these  acids,  like  the  hydrochloric  of  the  Vertcbnte  stomaL-h, 
hare  chiefly  an  nntisi'iKic  action,  destroying  Bacteria  Intro- 
di>ccd  with  the  food.  If  this  be  correct,  the  advantage  of 
iIm.' (vsuptugeal  position  is  very  obvious.  The  true  digestive 
gUnd  of  .Molluscs  is  the  "liver,"  whidi  is  usually  wry  lar:g^ 
and  often  secretes  diastaiie,  |>epiic,  .ii»d  ir>'pt)c  ferments. 
Its  secn^lion,  like  tlie  iKriviticeral  fluid,  it  always  neutral  or 
•lighlly  alkaline.  I'eptK-  digestion  ntay  be  rendered  twssible 
(i)  by  tlw  {iresei>i:e  of  acid  derived  from  the  a-wiphaftcal 
gbifulR.  or  (i)  by  (he  add  nature  of  the  food  ;  but  nothing  i^ 
known  with  cenainty.      in  the  Eolidx,  the  gut  (livn  nlT 

frolongalions  which  |>ass  upwards  into  the  dermal  papiUx-. 
nio  these  the  contents  of  tlie  alimi-nlaiy  cunal  luo^  and 
hen;  iHilh  digestion  and  abwir^ition  lake  place,      ihi-y  thus 
become  filleil  with  chyle,  which  is  directly  jbaorbed  by  the 
tiuuei. 
In  Asddians,  Krukcnberg  was  in  many  cues  ijuite  titwbto 
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to  find  clear  indications  of  the  presence  of  fermenls  in  the 
gut.  He  inclined  to  the  opinion  that  in  many  miimlient  of 
Ihf  cla.tit,  the  digestive  proces^n  s.x\:  -ah.  oiinplc  lu  those  of 
the  Ctclcnten. 

Tht  Nutrition  of  tkt  Tissut4. 

After  the  complex  food  sub&tances  have  been  broken 
down  into  simpler  ones,  they  muxt  he  carried  to  the  tiuucs, 
there  to  he  em|jIoj'ed  m  repiiinnK  watte,  or  in  growth,  In 
a  simple  I'rotowHin  ihi;re  ij.  no  difficuhy  ;  likca  pimitivc 
community,  the  stngli;  cell  supplies  its  o»-n  wants,  and  the 
question  of  transport  is  never  raised.  In  3  Mcla/oon,  on 
the  other  hand,  as  in  a  civilised  slate,  there  is  much 
division  of  labour,  and  the  (jueaiion  of  the  traiispoti  of 
m.iniifaciurcd  material  becomes  very  important. 

In  a  Vertebrate  the  blood  is  the  great  Iraniporling 
agent ;  into  it  the  ]>roducts  of  digestion  are  iiltimalely 
■mured ;  from  it  waste  products  arc  filtered.  It  is  itself, 
however,  conlined  to  closed  vessels,  and  does  not  come 
into  cloie  connecton  with  the  tissues;  these  are,  strictly 
speakitut:,  nouri.shed  by  the  lymph,  which  lutthcs  the  tissues 
throughout,  and  also  communicates  frcc-ly  with  the  blood 
stream.  Thus  the  lymph  is  the  "middleman"  between 
blood  and  tissues.  In  Vcrlc-braics  the  lymph  has  not  the 
reapiratory  signiiicancc  which  the  blood  has  in  virtue  of  its 
red  corpuscles. 

In  most  of  the  lower  aquatic  forms  of  life,  the  fluid 
within  the  body  differs  Itttte  from  that  which  surrounds  it. 
Thus,  as  we  diould  ex|>ect,  the  Stiid  which  bathes  the  cavity 
of  a  sea  anemone  or  a  jellylish,  filling  the  hollow  tenlaclcs 
of  the  one  and  the  canal  system  of  the  other,  is  liitle  more 
than  sea  water.  It  contains  no  formed  elements,  no  dis- 
solved albumens,  no  organic  substances  capable  of  forming 
a  loose  combitiation  with  oxygen — that  is,  no  respiratory 
pigment.  It  isihusceitiunly  noia  nutritive  fluid  ;  the  tissues 
must  be  nourished  by  the  products  of  digestion  passing 
from  cell  to  cell.  It  is.  however,  of  use  in  respiralion.  Like 
other  sea  water,  it  contains  dissolved  oxygen  ;  and  we  must 
suppose  that  the  cndodcrm  cells  {alee  up  the  oxygen  they 
require  directly  from  it,  as  the  ectoderm  cells  do  from  the 
surrounding  water.     I'lie  fluid  has  also  an  excretory  signi- 
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flcancc ;  it  carries  awajr  waste  products,    both    solid 
giueoufl,  and  removeii  these  from  the  body. 

Tlie  fluids  oC  Asdduns,  1^nidlit>ranchs,  and  of  a  Ki 
<iasicroi}od!i,  are  all  clawtctl  by  Krukctiticig  as  br«b 
lymph.  They  ironsist  largely  of  wuivr,  but  coniain 
addition  fomicd  elements,  or  dissoIvL-d  protcids. 
Ascidians,  the  body  fluid  contains  a  small  amount  oT  d 
solved  protcids,  and  some  pigmented  corpuscles.  Its  i 
function  has  not  been  fully  investigated  :  %\\k  presence 
<ituolved  pruteids  seems  to  suggest  dit;cstt(}n  by  fennen 
in  sj)ite  of  Krukcnbctg's  negative  resultSL 

In  Echinodcrms  wc  find  that  both  a  perivisceral  Hit 
and  blood  enclosed  in  special  blood  vessels  aru  prcscn 
Of  ihc  blood  liillc  or  nothing  is  known,  the  icchnic 
difltcullics  ill  the  way  of  isolation  being  very  great.  Tl 
perivi]iccnil  fluid  contains  numerous  formed  elements,  ai 
a  small  amount  of  dissolved  proteids.  It  probably  perfora 
the  functions  vi  the  lymph  of  Veitebratei,  but  ia  nid 
ha\'C  s  respiratory  function  in  addition. 

In  Insects  the  blood  is  of  the  nature  of  Vertebrate  lyrop 
It  is  very  rich  in  dissolved  proteids.  and  undoulitcdiy  servt 
for  tlie  nutrition  of  ihc  tissues.  It  has  no  rcsptratoi 
function,  in  »piie  of  the  freituent  occurrence  of  varim 
piji;mcnts  in  it— o  point  of  some  iheorclicdl  interest.  Tl 
tracheal  cubes  carry  nir,  and  ^o  oxygen,  to  every  part  of  d 
body ;  an  oxygen  carrying  fluid  formed  by  the  organjg 
itself  thus  becomes  quite  unnecessary.  We  may,  physi 
logically,  compare  the  tracheal  system  of  the  Iiwt-ct  n-ii 
the  canal  system  of  the  Medusa.  In  both  cases  the 
lernal  medium  is  carried  by  special  chnnnels  to  Ihc  tissw 
themselves ;  in  botli  caiK»  the  tiody  fluids  have  in  con: 
tiuencc  no  respiratory  significance. 

In  "  Worms,"  Crustaceans,  most  Gastcropods,  an 
Cephalopods,  the  blood  is  both  rcsjiiratory  and  nittritiv 
It  is  "  hxmolymph,"  combining  the  functions  of  the  bloa 
and  the  lyiupli  in  Vertebrates. 

In    Annelid   worms    the    bluod    conLiini    small    formi 
elements,  and  a  number  of  rn»|)iriitorj-  pigments,  some 
which  will  be  discussed  later, 

In  Cephalopods  the  blood  contains  formed  clement 
similar  to  leucocytes,  while  in  the  plasma  a  raspiratoi 
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pigmciu  known  as  hxmocyanin  is  dissolved.  This  con> 
sists  of  a  proicid  substance  united  to  copper,  and  is  the  only 
albuminoid  present  in  the  plasma.  It  is  very  widely  spread 
among  Gasteropoda,  Crusiaoeans,  iS:c.,  but  in  not  universal. 
Its  aixsence  in  Kome  Crabx,  which  have  apparently  no  com- 
pensating metal  containing  pigment,  perhaps  indicates  that 
too  much  stress  should  not  be  laid  upon  its  respiratory 
significance.  Lipochromc  pigments  are  vcr>'  frequently 
present  in  the  blood  of  Crustaceans  and  Cephalopoda ;  their 
use  is  unknown. 

If  we  compare  the  condition  seen  in  Cephalopodt  with 
that  found  in  Vertebriites,  we  find  that  in  the  Utter  it  is  the 
red  blood  corpmclcs  which  are  the  oxygen  carriers,  while  in 
the  former  the  plasma  alone  subserves  respiration.  Even  in 
Vertebrates,  however,  the  waste  carbonic  acid  is  carried  in 
the  plasma  in  combination  with  its  soda,  so  that  the  plasma  is 
not  entirely  unconwmed  with  respiniiion.  In  both  Verte- 
brates and  Cephalopods  the  plasma  has  a  nutritive  function. 

Products  or  Metabolism, 
In  the  course  of  those  processes  of  breaking  down  and 
building  up  of  protoplasm  which  constitute  what  is  called 
the  metabolism  of  the  animal,  we  constantly  find  that 
certain  byproducts  arc  formed.  These  may  be  simply 
waste  matters,  capable  of  subserving  no  useful  purpose  in 
the  animal  economy,  or  they  may  have  important  functions. 
As  we  ascend  in  the  scale  we  find  that  these  by-products  are 
more  and  more  uiilixed  for  different  purposes.  Thus  many 
pigments  which  are  widely  distributed  seem  to  be  piactf- 
call/  functionless,  but  in  {rarticular  cases  the^  come  to  be  of 
importance  in  producing  protective  coloration,  and  so  on. 
Among  the  products  of  metabolism,  we  will  discuss  here  only 
two  groups,  the  skeletal  tissues  and  the  colouring  matters. 

The  Skeletal  Tinvti  vf  Ammali. 
Even  in  the  very  simplest  forms  of  life  we  find  that  the 
soft  protoplasm  is  frequently  provided  with  protective  stnic- 
tures.  In  many  cases  the  orijiuiism  merely  takes  up  inor- 
ganic {MTticles  from  the  surrounding  medium,  and  with  these 
fashions  a  shell  for  itself,  as  we  find  in  some  of  the  Koni- 
minifcra.     In  most  of  the  Foraminifcra,  however,  a  true 
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shell  or  lime  is  "  secreted  "  l>y  the  protoplasm.  This  taking 
up  of  inorganic  panicles  is  not  tiic  only  way  in  which  tlic 
tcndcricj-  to  form  a  protective  covering  is  manifested  in  Uic 
Protozoa.  Th«  Corticata  arc  encased  in  a  fimi  t-hcaih  vrhich 
ihavi-i  inuny  of  the  characters  of  tnie  skeletal  subsUtnc 
whik-  familiar  oT^nic  compounds  such  as  cellulose,  gelat  _ 
and  homy  siilralnnccs,  arc  not  unknown.  Even  in  the 
Proloxoa,  therefore,  we  sec  in  germ  the  power,  so  charav; 
iciistic  of  higher  animals,  of  producing  by  modifications 
their  protoplasm,  specific  substances  capable  of  affordit! 
both  support  and  protection. 

Skeletal  tissues  are  usually  characterised  by  the  phyxic 
property  of  being  firm  and  often  Itard  to  the  touch,  while 
generally  tetaming  lomc  elasticity,  and  the  chemical  one  of 
offering  great  resistance  to  ordinary  chemical  agencies. 
They  are  naturally  passive  and  inert,  and,  so  fat  as 
internal  skeleton  is  concerned,  arc  formed  in  the  connecdl 
tissties,  and  not  in  relation  lo  important  organs,  except 
pathological  conditions.  Lime  ^Its  arc  fretiucntly  associatl 
with  some  of  the  common  skeletal  substances,  but  this  is  ! 
i>o  means  universal  even  for  the  tame  substance.  Thus  tl 
collagen  of  the  bones  of  Vertebrate^  is  anociaicd 
abundant  litm:  salts,  while  that  of  the  cartilages  contains 
inconsiderable  quantity.  Again,  chitin  in  the  Crustacea 
strongly  itn|)n'gnated  with  lime,  while  in  Insect*  lime  ult 
arc  practically  absent.  Within  ihc  limits  of  the  CCphalo- 
|w<ln.  tlw  conchiolin  of  the  "sliell"  ntav  t>e  associaiea  with 
time  in  one  genus  and  ()uitc  devoid  of  it  in  another. 
Within  the  Mollusca,  indeed,  we  find  ever)-  stage  in 
dc^-clu(>tnent  represented  ;  from  the  papery  "  shell " 
Af^Ysia  to  the  enormous  edifices  seen  in  some  of  thj 
iTuiHcal  fonn«.  It  w:cms  dilfi<-uli  in  ihcse  cates  to  avoid 
the  conclusion  t)ui  the  tlisproporlionate  balk  is  doc 
tteccssitics  of  growth,  and  has  no  relation  to  the  neods  i 
the  animal 

The  following  is  a  brief  account  of  some  of  the 
important  skeletal  subuances  :— 

Tunicin,  or   aninul  cellulose,  is  a  cartiolifdniie 
limtbt  (0^  if  not  identical  with,  the  cellulose  of  plants. 
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MsBK  in  the  test  of  Tunicaics  as  a  cuticular  product  of  the 
^dermal  cells,  and  is  said  to  have  1>ccn  also  found  in  some 
cases  in  the  body  of  the  animal.  Dr.  Ambronn  asserts  that 
he  has  found  a  body  K'ving  similar  chemical  reactions  in 
connection  with  the  thitin  of  Arthro|K>ds.  and  also  in  some 
Molluscs. 

Chitin  and  CoHchioJin. 

Chitin  nnd  Conchiolin  may  serve  as  examples  of  skeletal 
substances  containing  nitrogen,  bui  giving  only  one  of  the 
proteid  reactions.  Several  other  well-known  substances  are 
included  in  iliis  group,  such  as  spongin,  hyiisus-substanoc, 
&a  All  are  characleiiscd  by  their  great  rc^iiilanee  to 
chemical  agent*. 

Chitin  is  charactei^ttic  of  Arthropods,  but  also  occurs  in 
the  shell  of  Lingula  and  in  "ciittlc-bonc.''  It  yields  on 
decomposition  reducing  substances  of  the  nature  of  sugar, 
and  is  a  derivative  of  a  carbohydrate.  It  is  a  product  of 
ectodermal  cell.i,  and  i.t  the  only  organic  skeletal  substance 
in  Arthropods.  In  the  Crustacea  it  is  usually  associated 
with  lime  salts  and  with  various  pigments. 

Conchiolin  is  found  in  Bivalves,  Gasieropods,  and  some 
Cephalopods.  It  strotigly  resists  the  action  of  mineral 
acids,  and,  like  Chitin,  is  unalTected  by  ferments.  It  varies 
greatly  in  composition,  even  within  the  limits  of  a  species, 
and  is  probably  a  mixture  of  nearly  related  substances. 
The  substance  which  forms  the  horny  axis  in  (lorgonida 
and  Antipatharia  is  closely  allied  to  conchiolin. 

Collagen  and  Keratin. 

C^ltgen  and  Keratin  are  well-known  exampleA  of  skdatsl 
substances  which  contain  sulphur  ns  well  a.i  nitrogen,  and 
give  some,  though  not  all,  of  the  chemical  reactions  of 
protcids.  Collagen  is  found  in  the  bones  and  cartilages  of 
Vertebrates ;  it  is  characterised  by  yielding  gelatin  when 
boiled  with  water.  Unlike  the  substances  previously  men- 
tioned, it  is  readily  digetttcd  by  pepsin,  but  is  not  aiflected 
by  tryplic  fennents.  In  \'ertebrates  it  is  found  a.i  an  inink- 
rcltular  matrix,  secreted  by  little  patches  of  formative  cells. 
In  Cq)halopods  in  the  hvad  region  there  is  a  modilkd  form 
of  collagen  which  is  readily  acted  on  by  trypsin.     Collagen 
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ia  said  to  have  been  found  in  Si/mnmlHt,  in   Holothurian 
Uid  in  Hrarhiopodx. 

'Hie  (icjiJ  cpidcmiiil  rfll*  of  many  Vencbrates  rorm 
eutu^e  of  keratin  over  iht-  living  cdts  Uelttw.  *nie  procc 
is  ssid  to  be  one  of  dehydration :  hut  it  is  nut  a  sim]) 
drying  up  as  il  occurs  c)uitc  as  markedly  in  aquatic  anima 
In  the  hairs  and  nails  of  niamnuila,  the  feathers  of  binl 
the  scales  of  fishes,  keratin  forms  a  protective  covcrin 
Irt  some  mammals  it  further  furnishes  powerful  oGt 
sivc  "horiiK."  Keratin  is  nlso  found  in  the  egg  shcIk 
llirds.  Rc|>tilcs,  and  Selachians  ;  in  the  first  group  it 
asKociatod  with  lime  satis.  It  also  occurs  in  the  sheath 
ncTVc  fibres,  "fhich  is  explicable  enough  when  we  rcmetnb 
that  in  develo])mciil  the  nerves  aii&c  from  the  cctodcn 
Keraiin  has  also  )>een  found  among  worms.  It  is  extreme 
naistaiit  to  the  action  of  ferments. 

The  Co/auring  Mattrrs  of  Ammah. 

Colour  in  animals  is  either  due  directly  to  pigmental, 
as  in  the  case  of  structural  colours,  is  simply  a  li){hi  effei 
To  the  latter  division  belong  the  often  brilliant  colours 
sonte  Annelida,  and   the  gorgeous  metalUc   tints    of   | 
{>lumage  of  some  birds^     In  this  section  we  confine 
seNvs  to  the  pigments. 

Physiologically,  we  may  classify  pigments  in  various  way 
there  arc  the  respirttory  pigments,  of  which  Ha-moylobin 
pcrlups  the  best  example ;  the  waste  products,  such  as  t) 
pignients  of  some  butterflies'  win};«  (which  are  allied  to  ut 
add),  and  prohihly  the  pigments  of  bile  -,  finally,  there  i 
numerous  pigntenls  of  wnotte  primary  ph)'3iological  mtsni 
we  cnn  say  nothing,  but  which  may  be  secondarily  of  u; 
in  producing  protective,  warning,  or  sexual  colouring.  Sue 
arc  the  pigments  of  the  skin  in  Crustacea,  caterpillar 
Amphibians,  and  so  on. 

The  HMHt  imponant   respiratory  {Hjtments  arc   Hsenii 

eobin,  Hscmocyanin,  and  Hofmerythnni  some  others  ha« 
x:n  named  Iqr  di^eretit   authors,    but   their   respiratoi 
significance  seems  uncertain. 

JixmogMin  occuts  in  all  the  Cnniate  Venebratcs,  an 
also    not    infretiucntly   among   the  different   Invertcbcni 
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claHses,  uKunlly  in  ixnlated  inc-nibert  of  groups.  It  consists 
of  a  pigment,  Hxmntin,  unilvtl  to  n  prolcrd ;  ihe  pi^nent 
contains  iron  in  its  molcciik-.  In  the  higher  Vcrtcl>nite*, 
Hicmoglobin  Is  during  life  coniinually  undergoing  dcoom- 
posilion.  The  iron  is  mostly  retained  within  the  body, 
and  13  probably  re-utili&ed  in  metabolism  ;  the  protcid  is 
probably  alio  utilixed,  while  the  iron-free  Hnmatin  under- 
Koe«  chcmic«l  changes,  and  is  excreted  as  the  [>igment»  of 
bile  and  urine.  In  pnihological  conditions  Hicmatin 
(nay  be  deposited  in  the  tissues  in  different  forms.  'ITiis 
deposition  of  pigmetits  derived  from  Hxmaiin,  which  only 
occurs  in  disease  in  Vencbratcs,  seems  to  occur  normally 
in  certain  Invertebrates,  in  (he  shells  of  some  Gasteropods, 
the  skin  of  ttar  fishes,  &c,  a|)parcntly  in  lome  cases  in  forms 
in  which  Hicmatin  itself  does  not  occur.  With  regard  to 
the  distribution  of  Hemoglobin,  we  must  note  that  the 
occurrence  of  the  same  pigment  in  widely  separated  forms 
indicates  similar  physiological  processes,  but  not  necessarily 
a  .similar  function.  ThuK,  Haemoglobin  is  s:iid  to  occur  in 
<:onsidcniblc  quantity  in  the  perivisceral  fluid  of  Holothurians, 
where  wc  can  hardly  suppose  that  its  respiratory  im|)0rtance 
is  very  well  marked.  In  fact,  the  wide  and  irregular  dis- 
Iribulion  of  Hemoglobin  among  Invcriebrata  forbids  the 
supposition  thai  it  can  dicrc  possess  the  supreme  importance 
which  it  has  in  higher  Vertebrates. 

I'he  elficicncy  of  Haemoglobin  is  of  course  due  to 
its  power  of  forming  a  loose  conibination  with  oxygen; 
it  is,  however,  also  capable  of  uniting  with  other  gases, 
as  CO  and  CO^ 

Hamotyamn  is  found  in  many  Crustacea,  and  in  Molluscs. 
In  the  oxidised  state  it  is  a  colourless  substance,  but  turns 
blue  when  reduced.  It  is  absent  in  the  few  Crustnceans 
{DapAniit,  &c.),  which  contain  Haemoglobin,  and  is  a  true 
reiptratory  pigment.  It  consists  of  a  proteid  united  to 
copper,  but  in  a  ft-w  cases  it  is  uid  that  the  cop|>ci  is  replaced 
by  iron.  There  is  sard  to  be  more  difficulty  in  reducing 
Hannocyanin  than  there  is  with  H.-cmoglobin. 

HirnKrylhrin  occurs  in  the  blood  of  (rephyreans :  it 
undergoes  a  colour  change  dependent  on  processes  of 
oxidation  and  reduction. 

The  number  of  pigments  which  we  can  definitely  classify 
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M  respirator)-,  or  as  waste  products  reuilting  from  the 
(tccompciMliofi  of  such,  is  very  snialt :  in  tlx;  grt»it  iiujority 
of  casc&  vtc  can  uy  iioihint;  as  to  function.  In  Kotnc  coses, 
however,  wc  can  point  to  ihe  pliyucal  oi  chemical  conditions 
which  fuvutir  ih«  development  of  pigments.  Titus  in  some 
animal*  the  |>igmcittK  indkaie  the  noTRul  reaction  of  the 
tissues.  ]-'or  example,  those  sea  anemones  whidi  contAtn 
peptic  ferments  arc  red,  those  which  contain  tryptic,  yellow 
or  brown.  A^in,  light  and  ahseiKC  of  oxygen  .-ire  neces- 
sary for  the  dcvelo|)ment  of  certain  of  (he  hUcJc  pigments : 
Ihe  black  piument  in  a  frojg'it  skin  disappears  in  an 
atnink])hcre  oi  ]>ure  oxygen.  It  i*  a  fact  of  common  obserta- 
tion  that  [lortions  of  animal's  bodies  which  are  sliaded  from 
the  light  lend  to  be  pale  in  colour.  Another  intcrcKting 
point  about  colouring  matters  is  that  they  arc  not  always 
produced  by  the  aiiiiiial  in  which  they  occur.  'ITius  green 
o>'sters  owe  their  colour  to  an  insoluble  pigment  taken  from 
the  diatoms  of  the  food,  and  deposited  in  the  tissues ; 
the  colour  of  "  red  mullet "  is  perhaps  due  to  the  cni.staccaos 
of  the  food.  It  has  been  suggested  that  the  uniformity  of 
tint  observed  in  many  animab  living  in  the  same  environ- 
ment, as,  for  example,  in  the  Sar|;a£!-o  Sea,  may  be  due  to 
a  similar  cause. 

MoM  of  the  pigments  fall  into  chemical  groups ;  of  these 
the  best  defined  and  perhaps  most  widely  spread  is  the 
Li/wAniitK  group.  The  Li pochromcs  arc  characterised  (i) 
by  Ihcir  colour,  which  varies  from  yellow  through  orange  to 
red;  (i)  by  giving  in  the  dtj-  st.itc  a  blue  coloration  with 
strong  H^O^;  (3)  by  their  ready  decomposition  when 
exposed  to  light,  when  they  lote  their  colour  and  yield 
cholesterin;  (.j)  by  the  fnet  ih.it  they  consist  only  of 
carbon,  hydrogen,  and  oxygen.  'I'he)*  occur  in  both  i>lant!> 
and  animals,  especially  in  the  "liver"  in  .Arthropods  atid 
Molluscs,  in  the  skin  and  body  fluids  of  Cnistacca,  in  tlie 
skin  of  many  Vertebrati^s,  i:c.  According  to  Krukcnlterg, 
the  lipochromes  probably  often  take  orif:in  from  fatty  bodies ; 
if  this  i*  correct,  their  association  with  the  '■  liver "  in 
Invcrtcbmtes  is  interesting. 

The  above  is  s  very  brief  account  of  some  of  the  chief 
known  facts  of  animal  coloration.  It  may  serve  to  sihow 
th,ii  much  must  be  discoTCred  as  to  the  primary  physiological 
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import   of   pigments,  before   the  vexed  subject  of  their 
secondary  import  can  be  definitely  dealt  with. 

COMI'AkATIVl!    PaTHOI/WY. 

\Mihin  recent  years  pathologists  have  begun  lo  snidy 
diseased  conditions  comparatively — an  obviously  TStion«l 
method  which  proiiiiso  t»  lead  to  very  important  n»ulta, 
both  practical  and  theoretical.  Kor  man  ha»  no  monopoly 
of  disease,  and  some  of  ihc  proccMcs  by  wliich  unhealthy 
conditions  arc  dealt  with  by  the  organism  arc  more  readily 
studied  in  lower  animals  than  in  him.  Of  this  we  shall  give 
one  illustration,  tn  iS6i,  Hfcckd  observed  that  grains  of 
indit;o  injected  into  the  mollusc  Thelyi  were  surrounded  by 
the  amusboid  blood  curpuHcles.  Other  obterAuis  followed 
the  hint  which  this  suggestive  fact  supplied,  and  MclchnikolT, 
above  all  others,  h;is  shown  the  important  ril<  which  these 
an»eboid  cells  fill  in  waging  war  against  intruding  geitns 
and  parasites,  in  surrounding  irritant  particles,  in  repairing 
injuries,  and  the  like.  In  fact,  MetchnikolT  has  worked  out 
the  evolution  of  the  pliagocyte,  as  he  terms  the  amteboid  cdl 
whose  function  it  is  (o  discharge  the  riU  above  indicated. 
It  is  this  evolution,  as  staled  in  MetchnikolTs  lectures  on 
the  comparative  pathology  of  infiammation  ( Tram.,  London, 
1893),  which  wc  shall  take  in  illustration  of  comparative 
])athology. 

The  simplest  conditions  are  of  course  illustrated  by  the 
frolozua.  Th»e  enjoy  comparative  innnunity  fron)  the 
injurious  efTctcts  of  woimds  and  from  infectious  disease, 
l-'or  injuries  ore  very  rapidly  repaired :  a  fragment,  if  nucle- 
ated, can  usually  icgrow  the  whole ;  infecting  organisms  arc 
in  must  cases  digested,  and  irritant  partidcs  arc  got  rid  olT. 
This  is  paniculaily  true  of  the  amteboid  Prottuoa,  the 
Khiuipods.  Sometimes,  moreover,  the  Bacteria  or  other 
raicro-urgimismii  which  produce  disease  are  actually  ai-oidcd, 
for  some  of  the  I'roto/oa  exhibit  that  .icnsitiveness  (or 
chcmiotaxis)  which  distinguishes  the  wandering  amueboid 
cells  or  phagocytes  of  higher  animals.  Thus,  a  Myxomyceic 
will  creep  towards  a  decoction  of  dead  leaves  and  away  from 
a  salt  solution,  and  will  "  prc/cr  "  a  nutritive  duid  which  is 
not  swanning  with  Bacteria  to  one  that  is. 
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In  sponge*,  infection  ti  often  avoided  and  pamilBs  tu 
eutoded  ^  the  docure  of  the  inhaku  pons.  Bst  if 
BBdincg  be  effeaed,  ibc  miaobe  or  irriuu  b  dealt  with  b]F 
the  aBxefaoid  cdh  of  the  middle  ctnluin,  which  Kavr  alM 
to  do  with  ordinary  digestion.  Thus  dtxasc  in  Sponj^cs  is 
very  ran:.  In  Hydra,  where  there  is  %-inuaUjr  no  mesoKhzs. 
the  flaf(cllate  or  aRxxixiid  cirlls  lining  ibc  gut  act  as  so  ouny 
"MBtionBrT  phafiocyieft."  Thus,  in  ibctc  two  caaei,  Ibc 
ftuicliona  of  intn-cclluiar  digeftion  and  of  "  phagocytom " 
are  combined. 

In  other  Cukntcra,  as  in  Hydra,  the  ordinary  digestive 
functions  arc  reMrictcd  to  the  cndodemi  cells  hning  the  gut, 
hut  tno«t  of  them  hare,  what  Hydra  has  not,  wandering 
amtclwid  celU  in  the  mcaogUxa,  and  these  deal  with 
microlteN,  innutite!!,  and  irritants.  The  same  is  trutt  of 
simplv  worm*,  nuch  as  Turl>eltarians. 

In  highi-i  u'<>nn«  and  in  Echinoderms  the  phagocytic  C«lk 
are  usually  siiu.iicd  on  the  peritoneal  qiithvlium,  or  float  to 
tlic  perivisceral  fluid.  They  may  have  many  functional 
m|>iratory  and  ekcrelory',  for  instance,  but  the  phaKiH;yiie 
funclioit  is  of  itreat  importance,  all  the  more  so  that  th« 
KUl  hat  now  lost  its  power  of  intra-cdlular  digestion. 

r'ruHtiiceans,  in»eeta,  molluscs  have  a  more  or  less  well- 
developed  blood  vascular  system,  and  there  arc  often 
smoaboid  cells  in  the  blood  like  the  white  blood  c<>rpu9C)es 
of  most  Vertebrates  But  ihc  phagoc>'tic  function  atill 
depends  largely  at  least,  on  wandering  phagocytes  in  tite 
body  caviiy  or  in  the  mesodermic  tissues.  Utii  aH  the 
vascular  system  in  these  forms  is  usually  lacunar,  no  rigid 
diHtinctton  can  be  drawn  between  phagocytes  in  lliv  lilood 
and  plinftocytes  in  tite  body  cavity.  No  case  is  known, 
however,  in  which  the  leucocyte),  or  white  t)Jood  corpuscleii 
of  an  Invcriubrate  exliiliit  l)ie  |(0wer  of  migrating  ihrouuh 
Ihc  walls  of  the  blood  vessels  to  the  scat  of  intiation  oc  in- 
jury, as  is  common  among  \''ertcbratcs. 

Among  Vrrli-htali's  as  the  circulatory  system  l»ct:()ini.-s 
giaOuntly  nuirL-  highly  developed  from  Tunicates  onwards, 
the  number  of  oXra-vascutar  pliagocytcs  is  reducitl,  and 
more  and  n>ore  depends  on  those  of  the  bloud.  In  the  fin 
of  a  youiit:  newt  ;iii  injury  or  an  infection  may  be  dealt  with 
Rolcl)'  by  tl)e  migratory  phagocytes  of  the  connective  tissue ; 
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in  thu  most  (rcquently  observed  case — the  tail  or  a  tadpole 
in  which  ihc  blood  vessels  are  formed— ihc  extra-vascular 
phagocytes  are  greatly  aided  by  leucocytes,  which  work  their 
way  thr»uj;h  the  walb  of  the  vesttel.s  or  arc  litieraied  by  a 
lesion  ;  in  other  case*  all  may  depend  on  thcsi;  leucocyien. 
Ii  is  importimi  also  to  notice  that  the  endothelial  cdls  of 
the  blood  vessels  seem  by  their  contractility  to  assist  the 
passage  (or  diapodcsis)  of  the  leucocytes :  sometimes,  more- 
over, they  may  themselves  leave  the  wall  of  the  vessel  to 
deal  with  Bacteria  introduced  into  the  blood. 

We  are  not  here  concerned  with  MeichnikufTs  thesis  that 
"  inflannnatiun  generally  must  be  rt:)(ardcd  aa  a  phagocytic 
reaction  on  the  pnrt  of  the  orvaniitm  against  irritants — a 
reaction  carried  out  by  the  mooilc  phagoc}-tcs  sometimes 
alone,  sometimes  with  the  aid  of  the  vascular  phagocytes  or 
of  the  nervous  system."  We  are  immediately  interested 
only  in  noticinj;  how  these  niobile  cells,  reiainin>i  many  of 
the  qualities  of  the  ancestral  Amtxbie,  perform  in  the  animal 
body  numerous  funrlions,  strugghng  with  invading  Dactcria, 
surrounding  and  engulfing  irritant  particles,  and  repairing 
wounds.  And  from  the  most  general  point  of  \\eyi  it  is 
evident  that  one  of  the  numerous  factors  determining-  the 
fate  of  an  organism  in  the  struggle  for  existence  is  its  ]>ower 
of  resisting  Bacteria.  If  phagocyles  be  not  present,  there 
must  be  some  other  means  of  defence ;  thus  the  Nematodes 
have  found  this  in  their  firm  rcsisient  cuticles. 

The  processes  of  disease  in  higher  animals  have  been  very 
carefully  investigated  from  the  evolutionist's  point  of  view 
by  Sutton.  He  points  out  that  some  of  the  causes  which 
pathologbts  reco([nise  as  operating  to  produce  <Hsea.'ie, 
(vit,  hypertrophy  or  atrophy  of  oi^n*  or  structure:*,  an<l 
coalescence  of  parts  originally  distinct),  arc  also  "  factors  in 
evolution,"  which  biologists  recognise  in  their  theories  of 
the  progress  of  life.  Thus,  descending  to  particular  c.iscs,  we 
find  that  Ihc  long  claws  of  the  sloth  and  bat.  the  great 
curved  teeth  of  the  Babirussa,  are  paralleled  in  pathological 
conditions  by  the  elongated  nails  and  hoofs  of  Birds  and 
Ungulates  kept  in  unnatural  conditions,  by  the  curved 
incisors  of  Rodents  which  have  lost  the  eorres|)onding  teeth 
of  the  other  jaw.  It  is  unnecessary  here  to  multiply  examples 
of  greatly  hypcrtrophied  organs,  normally  present  in  certain 


animals,  but  occuning  in  discauie  in  oOien ;  many  will  occur 
on  reficction.  In  considciini;  many  of  these  cases,  we 
must  recofpiiae  the  law  o(  correlation,  and  nslisc  that  the 
structures  of  a  particular  animal  are  not  oommontv  the  bcsi 
conoeivattle,  but  the  bcM  that  can  be  atiainod  under  tbc 
given  conditions. 

Pathological  new  foimalionti  may  arise  in  response  to 
mechanical  stimulation,  as  in  the  case  of  oomx  and  waitSi 
or  may  be  due  to  aberrant  physiological  (vrocesscs.  Thus, 
cancer  is  regarded  by  many  as  in  origin  an  abcrmnl  gland- 
formation,  and  only  occurs  in  regions  of  the  body  where 
glands  arc  normally  found.  It  is  a  senile  modification  of 
an  ordinary  develo|)mcntal  process-  Paibolygical  bony 
growths  Eccm  to  have  their  origin  in  {uitchet  of  cartilage 
remaining  from  the  primitive  cartilage  of  limb  oi  l>rain  case, 
and  so  arc  continuations  of  the  ordinary  process  by  which 
cartilage  is  replaced  by  bone. 

Rudimentary  or  imperfectly  fonmed  organs  ate  in  gencia) 
s|K-cially  liable  to  disease.  Surli  rudimentary  organs  arc 
usually  relics  of  past  history.  VVc  must  thus  recognise  ttiat, 
just  as  in  the  history  of  civilisation  some  of  the  most  cruel 
wrongs  are  only  good  insiitmions  belated,  so  in  the  history  of 
disease  the  inoiic  dire  p.ithological  conditions  may  be  histori- 
cally only  the  result  of  belated  physiological  processus.  In 
some  cases  wc  may  perliap  say  more  hopefully  that  patho- 
logical proccs'fes  may  be  the  starting  point  for  new  |^ 
logical  evolutions. 

Brief  as  the  above  comparative  survey  of  Physiology 
Pathology  is,  it  may  serve  to  give  the  student  some  impr<rssi<(n 
of  the  intriracy  of  life,  and  act  as  a  relief  from  mechanical 
theories  of  Variation,  Selection,  and  Heredity.  It  is  an 
attempt  to  look  from  the  inner  side  upon  the  great  problem 
which  is  constantly  being  wnrkcd  out  licfore  us : — given 
the  potent  lalilies  of  proioplnsnt  and  certain  chemical  and 
physical  conditions,  to  find  the  best  adaptation  to  a  given 
environment. 
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CEOGRAPHICAL    DISTRIBUTION    OF    ANIMALS. 


As  rimilsr  animslt  tend  to  occur  whvre  the  conditions  of 
life  are  rimilsr,  we  are  muranled  in  speaking  or  a  pelagic 
fauna.  »n  afyt$ai  fauna,  a  lUtaral  Enuna,  and  so  on.  Let  us 
briefly  consider  this  grouping  of  animals  according  to  tlieir 
haunts. 

Tfu  Feliigic  Fauna. 

The  pelagic  fauna  includes  all  the  animals  of  the  open 
sea,  both  drifters  {P/anHon)  and  swimmers  (AV*/iv«).  The 
physical  condition*  in  which  ihey  liw  are  very  favourable: — 
there  is  room  for  all,  sunshine  without  risk  of  drought,  and 
an  evener  life  ihroughoiit  the  day  and  throughout  tne  year 
than  is  to  be  found  dxewhere  except  in  the  abysKx  of  the 
deep  Kca.  Moreover,  the  minute  pelagic  Alga;  afford  an 
inexhaustible  food  supply  to  the  animals.  It  is  not  sur- 
prising, therefore,  to  find  that  the  open  sea  has  Ijcen  peopled 
from  the  earliest  times  of  which  the  rocks  give  us  any  life 
record. 

The  faunA  is  representative,  exhibiting  great  variety  of 
types,  from  the  minute  Noctihiea  which  sets  the  waves  aflame 
in  the  short  summer  darkness,  to  the  giants  nf  modern  times 
— the  whales.  It  includes  a  few  genera  of  Koraminifeta,  rich 
in  species,  all  the  Radiolarians,  many  Infusorians.  Medusa; 
and  Medusoids,  Siphonophora  and  CtcnopHoia,  many 
"  worm  "  types  and  a  Holotliunan,  a  legion  of  Crustaceans 
and  a  few  Insects  (Halolialidte),  such  Molluscs  as  Picropod^ 
Heteropods,  and  many  of  the  Ce[>h«1opods,  such  Tunicates 
as  Sa/pa  and  Pyrotoma,  many  fishes,  a  few  turtles  and 
snakes,  besides  some  well-known  birds  and  mammals. 
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The  Tauna  of  the  op«n  sea  U  fi>presentativc  hut  there  are 
few  uf  lilt;  (>-)>«»  which  «'c  c^n  su)>|ia»e  to  luve  lived  then 
always.  It  may  he  ihai  fitrmt  llki;  the  iniimie  watcr-fleu 
have  Iwen  thfre  nlmoKt  from  the  first,  but  most  Ixair  the 
impress  (if  lessons  which  the  open  sea  could  never  hafe 
taught  them. 

Pelagic  animals  lend  to  be  deUcatc  and  transln- 
ctnt ;  many  are  phosphorescent.  The  number  of  species, 
differing  from  one  another  within  »  relatively  nartam 
nnce,  is  often  enormous,  thus  about  5000  s|K.-cics  oT 
Radiolariaru  are  liiiown.  The  huge  number  of  individuals, 
which  frcfjucntly  occur  in  great  swarms,  i*  equally  charanef- 
istic.  Perhaps  both  facts  indicate  that  the  conditions  of  life 
arc  relatively  easy,  as  is  also  implied  in  the  limitlen  food 
supply  afforded  by  the  unicellular  Alga;. 

Tht  Alystal  f^uMa. 

Through  the  reitearehes  of  the  CMlfngtr  and  simibr 
e]q)edit)on!i,  we  know  that  there  b  pntcticalty  no  deptb-limit 
to  the  di.itiibution  of  animal  life,  tnough  the  popuiniion  b 
denser  at  moderate  dii>ths  ilun  in  the  dei'))c^i  abyssct,  and 
though  there  is  probably  a  thinly  peopled  inicrmediate  tooc 
between  the  light-limtt  and  the  greatest  deptha.  We  knuo, 
too,  tliat  there  are  Te|>resentatives  oi  ntoM  type*  Iruoi 
I'rotoioa  to  Fi>l>cs,  (hough  Sponges  and  Eihinodcnns 
preponderate,  and  Ihni  the  uistnbution  lends  to  be 
cogunopolilan,  in  correspondence  with  the  uniformity  of  [be 
physical  conditions. 

The  abyssal  fauna  includes  many  8tnt)r  sponges,  %Qmt 
oonila  and  sn-anemones,  pouibly  3  few  medusie,  .mnrlhU 
lod  other  "  n-orms  "  on  the  so-enlliM  n-d  clay,  rc|)nacniativc3 
of  the  t'lvc  extant  ordcre  oi  H^hmodemis  abundant  Cruiia- 
oeans,  reptesentotivc*  of  most  of  thi-  Mollusc  lyi>vs,  and 
peculiarly  modified  lishes,  many  more  than  hRl^-)>lirKj,  otlien 
catching  with  darkne«s-eyes  the  fitful  gleams  of  phos- 
ptwmccncc. 

Ai  (o  the  physical  conditions,  the  dccp-aca  world  is  in 
dorlcncHi  for  a  pboitigraphic  plate  i*  not  influencnl  below 
i5o-5oa  fathiNiis;  it  in  CAlrcuicly  cold,  about  ,{4'  V.,  for 
win's  htsat  it  virtualt)'  \oA  at  about  150  fathunu;  the 
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pnssurc  is  enormous,  thus  at  1500  fathoms  it  is  about  i( 
tons  per  square  inch ;  the  cotd  water  in  sinking  brings  down 
much  oxygen  ;  it  is  quite  calm,  for  even  the  greatest  storms 
arc  relatively  shallow  in  their  influence ;  there  are  no  plants 
(except  perhaps  thi:  resting  phase*  of  some  Alg%),  for 
typtcil  vegeuhle  hfi:  depends  upon  light,  and  not  even 
Bacteria,  othcrwi.sc  almost  omnipresent,  arc  known  to 
flourish  in  the  great  depths.  A  strange,  silent,  cold,  dark, 
plantlcss  world  I  The  animals  feed  upon  one  another  and 
upon  the  debris  which  sinks  from  aVtove,  including  the  rain 
of  pelauic  Protozoa,  whose  continual  dying  Neemt  rather  to 
contradict  Weisraann's  doctrine  of  their  immortality. 

We  do  not  clokily  know  when  Ihc  coloniiinc  of  ihc  dcplhi  liecan, 
bo)  there  u  much  10  Itc  uiid  (nr  the  view  ihil  an  >li]ru«l  hunx  wax,  at 
maM,  Kaniy  licfoic  <!(ci.ti;c>'iiiii  njjrt.  l!>nE  of  (he  w^mentii  It  u 
follows  :~Iii  .ineicni  •Iajk.  wlieii  wniiiith>liiving  pbuilB  flonrUiiBd  in  the 
Ux  niirlh.  when  thetc  w<m  iid  ice-liouDd  jxilar  ko,  the  nliyisal  wjiter 
csniuil  have  beiui  \a  c\>ld  u  it  ii  now,  it  wuuld  ihcrefore  cnntsin  leu 
abunilnnl  oxygen,  and  Ihik  wintineM  wcmlil  make  life  more  difliculc. 
But  whencvei  \Xk  |<r"i>tin|>  of  ihc  iliyNsei  nciruitFil.  il  muM  havn  brrn 
nadunl.  Il  it  likely  vruil  mnat  of  Ihu  piunerm  migtJlerl  oulwanb  and 
duwniranl«  ixoxa  the  ihore  rugion  (in  a  wide  lenw).  followine  the  ilrtli 
of  food ;  it  i»  poiiible  thai  olhcni,  tJ..  some  Cnuiacemns.  »«nk  from  ihe 
lurface  of  the  o|icn  sen.  The  Ijotcarchniiiciei  of  many  dccp.sea  aniotal* 
hai  lieen  oficn  irrnfliki-il,  itnd  it  1>>  ]>ti>uill<lc  to  luppntc  thai  iherc  w  a 
IMilieulaily  alwiidunl  col'miwlion  iri  (he  I'oLf  rr|;ii>nii.  and  a  Dradoal 
Miiindinj;  (bwardt  the  bjualoi  u  ihc  \\At*  tweame  rulder.  Perhaps 
(he  richnoa  of  the  fauDa  at  (he  Kijualor  inay  he  thuuglit  uf  a*  in  jiarl 
due  lu  the  Qietline  or  two  great  wai<e«uf  life  from  thePoleb 

The  abyssal  conditions  of  life  tend  to  uniformity  over 
vut  arefts,  just  v»  in  the  open  .sou  But,  on  the  whole,  life 
roust  always  have  t>ccn  harder  in  the  depths  than  on  Ihc 
surface.  The  absence  of  plants,  for  instance,  involves  a 
keener  struggle  for  existence  among  animals.  Thus, 
although  many  abyssaJ  forms,  <.g.,  sea  anemones,  live  a 
Ihusivc  sedentary  life,  waiting  for  food  to  drop  into  their 
ra»uth.t,  the  majorltv  are  less  easy-going.  The  decp-sea 
has  been  a  sterner  school  of  life  tlian  the  surface. 


Tht  Littoral  Fauna. 

At  a  v-ery  early  date  the  shores  were  peopled,  and  the 
fauna  is  vi^ry  rich  and  representative^     l-'rom  the  strictly 
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Litlora]  zone,  exposed  At  low  tide,  with  its  acom  sliellx  and 
periwinklc-s,  limpels  and  cockles,  to  the  Laminarian  /.one 
(to  i;  fathoms)  wiih  its  sea  sluf:;^  and  oyslen,  wht-rv  the 
vreit  iwaweeds  wavt  liKlk-nsly  amid  an  extraordinary  kt-cn 
battle-,  to  the  Coralline  «)nc  (15-40  fathoms),  wilt)  its  carni- 
vorous buckics,  what  variety  and  abundance,  what  crowd- 
ing and  struggle  I 

Thcic  ate  Infusorians  and  l-'oraininifcni,  sponges  homy, 
flinty,  and  limy,  zoophytes  and  sca-ancnioncs,  a  mob  of 
worms,  star-fishes  and  aea-urchins,  crabs  and  shrimps, 
acorn  shulb  uii  the  rocks  and  sandhoppen*  among  the 
jctsDm,  a  few  insects  about  high-tide  mark,  sea-spidere 
clambering  on  the  scawwiH,  abundant  bivalves  and  gastero- 
pods,  sea-squirts  in  their  degeneracy,  besides  lishcs,  a  few 
reptiles,  numerous  shore  t>iTds,  and  an  occasional  tnamma]. 
The  shore  fauna  is  thus  very  representative,  rivalling  in  its 
range  that  of  the  open  sea,  far  exceeding  that  of  the  abysses, 

'1  he  conditions  of  life  on  the  sht)rc  arc  in  some  ways  the 
most  stimulating  in  the  world.  It  is  the  meeting  place  of 
air.  water,  and  land.  Vicissitudes  are  not  excepliorul,  but 
normal.  Ebb  and  flow  of  tides,  frcsh-walei  floods  and  desic- 
cation under  R  hot  sun,  the  alternation  of  day  and  night  felt 
much  more  niarkcdiy  than  on  the  open  sea,  the  endless 
variations  between  gently  lapping  waves  and  blasting 
breitkers,  tlic  stow  changes  of  subsidence  or  elevation, — 
these  are  some  of  the  vicissitudes  lo  which  shore  anitnah 
are  exposed.  The  shore  is  rich  in  illustrations  of  keen 
struggle  for  existence  and  of  life-siring  shifts  or  adaptations, 
such  as  masking,  protective  coloration,  surrender  of  parts, 
and  "  death  feigning."  We  may  think  of  it  as  a  great  school 
where  many  of  the  great  lessons  of  life,  such  as  moving  hod 
foremost,  were  learned. 

TSr  Fnth  Wattr  Fauna. 

Perhaps  the  most  striking  fact  in  regard  to  the  animals 
which  live  in  fresh  water  is  their  uniformity.  The  number 
of  individuals  in  a  lake  is  often  immense,  but  the  number 
of  $i>ecies  is  relatively  small,  the  number  of  ty|>c5  still 
smaller.  In  widely  separated  basins  and  in  different 
countries  the  same  forms  occur. 
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We  may  dfiiinguifth  a  littora),  a  surface,  and  a  deep 
wator  l.tcuKtriiK;  fnunn.  'I'lie  <lecp-wateT  forms  are  chiefly 
Rlii^opods  Tiirbdlarinns  Nvmatodet,  Ij^chw,  Chaeiopod), 
Amphjpods.  Isopods,  Eniomostrttca,  a  ivyi  Arachnids,  *oine 
insect  larvse,  and  molluscs,  and  the  general  opinion  is  that 
these  ate  dcri^alile  from  (he  shore-fauna  of  ihe  lake,  which 
includes  similar  forms,  along  with  a  few  others,  such  as  the 
fresh-water  siKinge  and  Hydra.  On  ihe  other  hand,  the 
surface  lacustrine  fauna,  CDniisting  of  wuturneas.  Rotifers, 
Infusorians,  Ike,  widely  nnd  uniformly  ditirihutcd,  i.i  said 
not  to  be  derivable  from  the  shore  formx.  In  trans- 
parency, in  gregariousness,  in  nocturnal  habit,  and  in  other 
ways  they  present  a  marked  analogy  with  iht-  marine 
Plankton.  How  are  we  to  account  for  their  origin  and 
wide  distribution  ? 

(t.)  To  eipkin  the  uDiformity  Darwin  teftrrecj  lo  tht  liirdi  which 
cariy  ornDiinu  from  w*ienhed  lo  watcnhol.  lo  (he  carryiin;  power  of 
ihc  wind.  Mid  (n  clunect  of  land  level  which  britifl  diffcicnl  rivet  ball 
into  conimunlcttilon.     Ilut  IhU  is  not  cnoueh. 

(a.)  It  tcvtnk  very  likely  th«t  tome  of  (he  (rculi  wnler  formi  have 
mieniMil  ftum  llie  Ma  and  icuihore  ihioueh  lirackihh  Hitlci  lo  tiven 
and  Uk«L  A*  the  pouibililf  uC  making;  Ihe  Inntlliom  depand*  OD  the 
coDitilatton  of  the  nnimdi  U  ■■  iniethgilile  that  Binillac  Vbntu  tiionld 
succeed  in  diflwew  areas. 

(J.)  Thcie  wont  much  force  in  whal  Creiiner  anil  Solloi  cmphudw 
Ihdl  nuny  laket  nic  dwindlinjc  relict-tou  of  ancient  oriain.  Granted  ft 
fairly  uniform  |icla|iic  buna,  t.g.,  txforc  Cietaccuui  limci,  we  oan 
undcniand  that  Ihc  convertlon  of  lanit>lookcd  tcu  Into  1ak«  woald 
imply  •  dcGin>BIi»E  elimination,  sncl,  at  (he  condition*  uf  elimination 
woula  be  much  ine  wne  ercrywUcm  the  tDnilt  would  be  unilbmiily 
in  ihe  surrivors. 

Minor  faunas. 

(a.)  ty  Bnutiik  Ifater.—V/e  axt  warranted  In  apfUag  of  a 
braddah-walM  fauna,  becaute  of  ibt  unifonnily  in  widfly  MpanHd 
regiona.  It  dew*  not  tMm  to  be  a  mete  phyuological  ameinblatce.  '"'J- 
ing  in  tach  locality,  hut  raihei  a  iianution  uuna  of  aodeni  date,  a  kTic 
Dla littoral  fiuina onoe  more  nnifonn.  The  fact  i>  that  the  pcmvi  to 
Uve  in  ImkdtUi  woict  li  not  I'ety  common ;  it  turn  in  IkmUio. 

{i, )  Cavt /atitta. — In  AineticA,  ihankg  vety  iitie<ly  lo  the  lalwun  of 
Pochatd,  atMHit  100  cave  aiiimoli  arc  knvwn  ;  in  Euin|ie  (he  number 
i*  about  ]oo,  (he  iiiL-reaie  lieing  lai|;t1y  due  to  the  occutti'iiiT  of  about 
too  tpeeiot  of  two  Ketlera  uf  beelln  in  Eutopenn  rxva.  In  lli<  hmou* 
Manunoth  Cave  of  Kentucky,  which  ha*  over  loo  milei  of  panada, 
with  atieama,  pook  and  dry  ground,  there  ye  over  40  ditTetcnl  •peciai 
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oruimalk  The  tcnipcniun;  i*  very  ti(ua1ilc,  taryiiiK  '■(■Ic  more  Ihui 
a  dci^e  thnHichoDi  liic  jai ;  it  U.  of  counc  dork  :  and  ibne  an  no 
plants  other  ihun  n  few  Fungi.  Tbu«  Ihc  oamUiinnt  ipttKoX  totac 
ui«,lii|[y  with  ihoM  or  the  deep  k*.  The  fnurui  li  of  niueh  inlcicsl  to 
Ihc  crolutionliilv  for  «c  wondcc  how  (at  the  {leculuuilic*  of  the  cave- 
inimalh,  t-t-  xUencc  of  culorsiion  uiil  rrc(|iienl  bUiiilnm,  are  due  la 
the  eimiiilaiiiv  cITecl  of  the  ciii'ttonmenl  and  ditiue.  oi  hov  fai  ibey 
re)iini:nl  the  Auniv.il  of  fi)iluili-i\<3  vniialiunx,  and  the  retail  of  ihe 
ceunlLun  of  natunl  selection  Dions  <^c<<*>"  li"ci-  Hove  the  scdng 
animaJi  fouod  thcit  nn)'  i>u[.  IcavinK  nnly  the  hlinil  spoits.  whidi  etoo 
npcven  in  daylight?  or  it  ihe  tou  nf  ryn  ihr  rr*ult  it  diitise  oad 
aliKince  »f  iliiniihiii?  Oi  iiuain,  if  it  lie  |;iunled  Ihnt  iiiginenl  ii  an 
(i^anic  coiiMitiiti'iiiiiI  iieci'^ily,  c./,,  a  vr»ilc-pto<lucl.  wliilr  eoloratlofi 
it  ca|)Ucable  us  an  adaplaticm  wruughl  uul  iii  the  courtr  of  nalatal 
elimination.  Ihcn  the  qpestion  arises  whether  the  ceuiiion  of  nataral 
wleclion— a  condition  awkwardly  ctUlcd  "piinniik.iiL" —which  might 
Dccauu  for  the  diuppearani:e  of  Ihc  teJ^UKrt  when  there  it  no 
piemium  tcl  untin  it,  can  kIho  account  fur  the  UdA  of  r^gmint,  that  li  vf 
Bcliaracier  which  wa«  nut  acqiured  in  (he  cuurv:  nf  nnlunt)  wtectlon? 
[i(v  Keitdaiil'n  AHimai  CeffrMion).  Our  only  answer  at  pNamt  ■* 
that  IhcTi?  is  need  for  experimuit. 

(f.)  Pamniu  /aaiia.—U  Kcmt  Iccliimntc  to  rank  ia|[ethet  thaw 
ftnitnali  whoic  habilal  ii.  in  oi  on  olTicr  otKunitint.  bam  ahlch  ihnr 
derive  tultkinleiiec.  mthout  in  (iiiitl  raiKK  Itllllni;  lliein  miirkly,  if  al  all, 
not  on  the  ullin  hiinil,  reiidrcini;  llii-ni  nny  wrviee.  Ani'ini;  rctupara- 
%\tt%  there  uie  •uch  hirnm  ai  lith  lice  and  many  other  Cniitacieans, 
numerviii  Insectt  such  lu  lice  and  Hens,  and  Amchnids  inch  as  milcK. 
AnMUg  endoporaiites,  there  are  (jrcgofincs,  tomt  Mtsanu,  many 
Ncuaiodes,  moaii  Tieniaiodes,  all  the  Ccttodct,  many  CiuiiaeeaoK, 
Innecl  lanic,  and  Aracbnidt. 

Hie  (larMiilc  habit  it  a  conimiin  one.  ithihinited  by  many  rliHirrFM 

Xjtti.  it  i»  aMOcinted  with  tle^enerallcin.  varying  nceotdiKg  (u  the 
Igirr  of  de[«-n'lcnec,  with  gtcnl  milrilivc  leeurity  and  proline  repro- 
ducUon,  liut  with  enorinaii'i  hntanis  in  the  fulllioeni  of  the  life  hiiiory. 
Panadlic  animnls  must  be  distinguished  Id)  fioni  eoiphylie  □■  eplniic 
ooimal*  which  live  aiueheU  to  jilonls  or  animati,  Inil  are  in  no  way 
dependent  upon  them.  c.,{..  Iiunaclc  on  Norway  lolxiin  :  ft)  (rum  cum- 
menuilk  (ji.  iCoi.whoUvein  »omc  degree  u(  iiati net diip,  Vnii  withoBiin 
May  wny  preyint;  ujMn  one  anolhcr,  f.^i'.,  enihi»nd  ^ea  anrnione  ;  and  {<) 
from  tymbiont,  who  \ln  in  cIom  parlner>hii>,  or  symbioiis  [[i.  1 14),  u., 
RodiuLirians  and  Alg%  Itel  bdween  these  nalnii  there  are  many  erada- 
tioni.  and  fram  close  nssodalion  there  ii  always  an  eaiy  iraiuillon  to 
|iaia*ituini. 

Ttirei  trial  Fauna. 

Tlte  COlonl^ng  or  ilrj-  Und  has  dotilitli:ss  hc-cn  a  gradual 
proceis.  as  difTert-nt  types  «-.itii1ltcU  inland  from  the  Bhore^ 
or  becumt.-  abk-  to  sunlvc  the  drying  u)>  of  fresh  waici  busins. 
The  fkuna  includes  s^ine  Proto/osi,  t^.,  Amesta  territoia. 
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which  lives  in  moist  earth,  some  of  the  Planarians,  Nema- 
todes, leeches,  Ch«;topo(ls,  and  other  "worms,"  a  few 
Crustaceans  like  the  wood  lice  {Onhns),  many  inst^rts  and 
Arachnids,  a  legion  of  slugs  and  snails,  most  adult 
Amphibisns,  most  Reptiles,  m.iny  Birds,  and  most  Mun- 
tnals.  Among  Vcricbralcs  certain  fishes  arc  of  interest  in 
having  learned  to  gulp  mouthfuls  of  aii  at  the  surface  of 
the  water,  to  clamber  on  the  roots  of  the  mangrove  trees, 
or  lu  lie  dormant  through  seasons  of  drought.  Itui  among 
Vtrteiiratcs,  Amphiliians  were  the  first  successfully  to 
make  the  transition  from  water  to  dry  land. 

It  H  impoRuit  to  beat  in  mind  that  many  *  itock  may.  In  ihe 
ooune  of  ib  evolotua,  b«ve  pMMd  tluaneh  >  larieEv  o(  cniirunnicnlt. 
Tliat  the  thomiKhly  uualle  OttwoM  were  iirobably  drriirtl  fi«in  » 
Innil  ttoci:  commflTi  Xt>  iticm  ntid  to  the  t,'n(;iib<i--,  .nut  iiuiy  haif  imMjd 
thr<.in;li  a  (inli  aiili-i  iJagc.  Wiilimii  i;iiiiin  ^n' !  ■  ■  :■■  -.,  wv  have  bcr* 
un  ilUuIralion  r.'(  llir  fi^flg  oiutw  uf  tvoliitiyji. 

We  cannot  beliere  in  iinjr  «lirupi  mniition  /fom  the  ihore  lo  tirra 
firtita.  Il  luii  )«eD  n  iJoik  Mocnl.  «Iiih  iu  thr  i)tt|;iii  lA  <try  land 
ilMlf.  Tlius  li»i(l'inhltl>l(ini:  winnx,  ilndlciit  ill  'Iniiip  humiii,  iMnk- 
(ivqucntin^!  kntmilii.  thiic  wliidi  <i(i<l  a  ufe  ti-lrcnl  ii>  roitciinns  or 
irilnin  bolder  fbimi,  <tui  iliir  piih  fiuiu  the  shute  icUnd.  Many  have 
Ibgered  by  ihc  nay.  many  have  diiereeJ  inlo  cul'dcutes.  manj'  h»vc 
licen  content  In  keep  witliin  bearing  olthc  icn't  lullab]',  which  loothed 
Ihcni  in  iheir  crtilln. 

Siniioih,  in  \\n.  work  un  the  iiti|[iis  of  land  aniiiialiw  *eck*  to  xhow 
that  liaril  kkliit,  cioU'4inpcil  muifcli:,  Inainit  noitliy  of  tlu  mine,  rod 
blouil.  anil  m>  iiii,  nrci;  aojuiicul  a*  Itic  Iiaiuilion  to  tanWrial  life 
wu  cFFectMl.  Let  ut  lake  tliv  1ml  point  by  way  of  illialmtlon.  Iron 
in  •ome  fomi  seenis  mentuil  lu  ihc  Diaking  of  htcmcskihjn,  but  iioo 
campoundi  arc  relaui-cly  xuicc  and  not  readily  amual>1e  in  Ihc  aea, 
lliey  >f  e  more  abundant  in  frcih  walci,  nntl  yei  more  ui  u  the  liuid  It 
icachcil.  Therefore  it  it  kuet:'^'''^  <'"'<  >*  w*  "*  litlursl  animtJt 
rorkook  (hi-  xhnre  tot  the  land,  via  fresh  wsier  laths.  thai  irnn,  in  some 
(arm,  enlereil  into  their  com  petition,  became  |xut  and  patcrl  of  (hem. 
helped  lo  form  tuntiuglulnii  or  tumc  anatcvuiu  pigmenl,  and  thu*  opened 
Ihc  way  to  a  higber  and  note  «-igorous  life. 


Tht  Aerial  Fauna. 

The  last  region  to  he  conquered  was  the  air.  Insects 
were  the  first  to  possess  il,  but  it  was  long  before  they  were 
followed.  The  il)tns  fishes  flapped  iheir  forc-fiiis  above 
the  foam  as  they  leapt :  the  web-footed  tree  frogsi,  Draec 
tW<rfu,  with  skin  spreud  out  on  elongated  ribs,  and  varic 
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As  «c  hm  abcadf  bmted,  tfaepniblra  (tftlw  noloiiDa 
ftf  fanon  it  fjn  j>fymd  sobtioa>  ud  is  this  n  doc  tbe 

phoc  tot  the  wMwiMlMig  of  ■« ii.  1  tlid 

Bjietf  with  "'*'"£ ' 
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U>  AeeoMliw  M  NoMln.  -TIk  teMiTAe  com 
1»»M  ariritt  lo  tt«  Wtiiliif  «wJ  6wh  »M«f  t—it  i»  fei 
>D  tea,  ibatfe  nitpaiiil.  gtm  .AIUmw  w  (he 

Nantfarl«<WnorindkMaiHAiii«BM«.    Ill 

MM  oT  Am   pd^  fans  ^cfc  ^m  to  mom  a  fenfc  buool 

Md  m  mtKD  ilxm-bird*,  actib,  aad  Ae  mitm  ^m*i  lad  mb*  of 
AMCNdiM  tbe     II  I  iM    I      if  III     I.  Othlttm.  Imc 

-TWik»«Bha  pntaUrteM  fc»i»J  •!««  nnnir  thw  tlw 
iUanl.  MM  to  dtc  sm  iimcii  aotinrr.  tnc  oaly  riWt  faod,  dniMi 
boaibeikbriiaf  Uwtincaliad  tecnsanl  fai^  Md  &>«,  b«>B« 
■baakM  la  d»  •sla." 

"  U  vat  M  A*  Blonl  ncgott  dal  aO  ihc  pwaiiy  InnrliiB  taf  ibe 
0«loKkal  fwdrtec  wcM  farned;  •■  ttnawkl  ud  ileqiM*  fetw* 
hai*  ewMd  ibmsb  ■  Kuonl  BfaMCLMd  ■■aapt  the  ««ncntaii*w 
•flWteM^fanalbe  Mapbikttn  bto«y.b  Ac  faa  of  mm  af 
kfwl  wnaJiiitw.  k  moo  eemicutjr  icnlaid.'' 

(^)  AceatSaa  Ut  Apmit,  femwuh,  >b^  mhtn,  V cec  nf  *«ati»g  to 
cpfw  thdi  rtnn  intu  a  mmtkc.  a  litioal  baaa  aaa  tb«  at%ina| 
OK,  «facMc  bav«  fasM  ikii*«dL  an  the  one  basd.  Uw  prbpc  aod 
yfcr— I  favna*;  oo  th*  Mbet  bmd.  Dm  bab-waui  nd  Inresnal 

('■)  Aocctdnc  to  Block*,  a  pcfafk  bsna  ■«*  oridrithc  olwiwc 
have  ben  dttiftd  iW  tnami  o(  ibe  thorv  and  ih*  WultoMx  uf  ibv 

donas.    Tolhehtta.bawcvti.apoMOiUlref  laoaidnvapdn  la  DM 
dewed. 
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(d.)  Pcnonatly.  t  iricaitl  ilic  mcMt  probable  koccilial  home  of 
aiiimalt  u  hjiiii'  rq^ion  not  («  (luni  ihe  ihore,  and  I  pjclatc  ihc 
tcltiimu  u  rollowi : — 
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The  more  driaittd  Pn>(>kms  of  Gtographkal  DiUributtiiH. 

Leuving  the  general,  and  al  {irc&ent  very  obsoure,  problem 
of  the  evolution  of  fiiunas,  let  us  liriefly  iiuti<;c  ^olne  of  the 
more  dcUiled  ijucstions  of  diNinhuiioii.  Wc  shall  content 
ourselves  with  stating  (i)  a  few  ul'  the  outstanding  facts,  (i) 
the  faaoiB  dcitrmining  why  some  animals  aic  here  and 
others  there,  and  (3)  the  usually  recognised  xoo-gcographica) 
regiona. 

iiomt  dj  Iht  OuMiindiHg  Fads  of  Gtographical  DistntfuHoH. 

(a.)  Widely  separated  countries  may  have  an  essentially 
similar  fauna.  Thus,  there  is  much  in  common  between 
Briiain  and  Northern  Japan,  and  there  b  bo  much  agree- 
ment between  the  North  European  (PalKarctic)  and  Ihe 
North  American  (Nearctic)  fauna  that  many  unite  the  two  | 
regions  in  une(Holarctic}. 


T6i      GEOGRAPHICAL  DlSTRIBlTTIOJf  OP  ANIMALS. 


<A)  Clo«cly  adjacent  countncs  may  have  quite  diflercnt 
bunax.  II1US,  the  Bahamas  and  florido.  Aiutnlia  and 
New  Zealand  arc  peopled  by  vcrj-  difTcrcnt  animals.  But 
the  best  illustration  Is  thai  of  two  little  islands,  itali  ftnd 
Lombok,  in  the  Malay  Archipebjp^  which  are  separated  by 
*'Walbce's  line,"  a  strait  only  fifteen  miles  wide  at  its 
narrowrest  pan.  They  differ  from  each  Other  in  their  birds 
and  (iua(lt\i|»cd5  far  more  widdy  than  Britain  and  Japan. 

{c.)  Regions  with  very  different  faunas  are  in  many  cases 
contK-cted  by  transition  areas.  Thus  «  jourocy  from  the 
North  of  Canada  10  Brazil  would  show  a  lauly  gradtud 
transition  frotn  an  Arctic  to  a  tropical  fauna. 

(</.)  At  the  nme  time  there  are  Regions  whose  Fautu  b 
exceedingly  di«linctive  and  shari>ly  defirved.  Thus  llie 
Mamnulun  fAuna  of  .\ustralia  is  distinctively  Marsupial, 
and  nowadays  there  is  only  one  family  of  Mtiraupial.t — the 
American  opossutns — found  beyond  ihc  Australasian  limits. 

(f.)  Another  strikir^  fact  is  the  "discontinuous  dts- 
tribution  "  of  certain  types,  by  which  we  mean  (hat  examples 
of  a  type  may  occur  in  widely  separated  regions  without 
there  bdng  any  representatives  in  the  intcrmedbte  area. 
I'hc  general  expbrution  is  that  the  type  in  question  once 
en)oyed  a  wide  distribution,  as  the  rock  record  shows,  and 
that  the  conditions  favourable  to  survival  have  been  fotind 
in  widely  separated  pLicct.  Thus,  of  the  genus  Tapir. 
lliere  are  some  four  &{>ccics  in  South  and  Central  America, 
while  t)>c  only  other  species  occurs  in  Maboca  and  Borneo. 
Similarly  the  Camelidsc  are  represented  by  one  ^nus  in 
the  Old  World  and  another  in  South  Atnerica.  and  the 
inscctivoroos  Cniteiida:  arc  represented  by  five  genera  in 
Madagascar,  and  one  in  Cuba  and  Hayti. 

7%t  Fatt^s  dttermimng  DistrHvHoH. 

"nicre  kn  tu  factvn  which  oamtilne  to  dciamise  iIk  lunicnUT  dbtii. 
Imtino  (4  on  aniauJ.    TImm  mr  b«  ctavotienlly  conHirlcird  in  pUrs. 

\a)  DnUfljiuioci  U  tit  jwrt  lictciiniiicd  l-y  llie  cvtMUutlon  oC  ibe 
■ilBal  tad  the  phjiical  coodiikiiu  of  Ihc  rcpoih  Hut  make* 
(Umialih  rafUty  in  nuaiberi  tmranli  the  pota,  theii  canttliallco  tieto( 
la  NMM  ana  ill-adapted  to  withiUiu)  cold  :  (bn  oayAtlin  arc  ah>cM 
from  ilicitricti  whcK  the  fioih  MMcr  doct  not  coMatn  snliicieni  lime  aiJta 
Icr  I  licit  nccdt. 

yt\  Didrihutloa  b  In  |Mrt  d<ier«ia«l  Iqr  llio  potitloe  of  the  utlinal't 
or^Clail  home  (whicti  is  often  an  nnknvwn  bet),  aad  b;r  <!■'  avaJUilc 
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BnaaletdiCpcimL  Thiu.  m  fiu  lu  wcknow.  llieOld  World  hu  liccn 
the  exclunve  home  of  Ihc  aniht(i|juiil  u|ir>.  uiitl  there  Uicy  luivc 
remiincd  :  Ihui  liaU,  licln^  able  lo  Hy.  hnvc  a  more  eMma|>(ililAn 
diilribuiion  than  miMt  a\\\n  uininmals :  thus  amuhi'liiaiu,  being  uiialilc 
10  withdnnil  ull  w*Icr,  arc  ntnenl  Inini  aIidmI  iU  oceanic  iilaodt. 

\i\  DiklributionUin  part  d^iermlned  liy  lheBCtiMlchBii([n(Kei>losicil. 
climitic,  &c.)  which  havi:  nifccled  dJITerenl  icglons,  Attd  xn  "Monorok" 
faclori.  iV..  the  icl4tion:i  lieiwccn  the  Anlnml  In  (jucoilon  and  other 
orgonitmit.  whether  onimiiU,  plant*,  iii  imui.  Tliu>  it  1h  plain  that  wc 
eannoi  unilenlanil  the  faunu  <if  Aiihtmlin  withcml  knijwiiiit  llie  ^cuI<j)^l-ii1 
fad  (liai  iwti  of  ihit  iilnml  wiu  once  coaneiled  wilh  tile  Oiieiilul 
ContliMiil  by  a  bridge  of  land  acrosi  Ihc  Tam  Sen.  The  Aiutraluian 
munDWlian  fauna  coniisii  of  turvivAli  nnd  dcMxndBiiti^  of  a  Mctokoc 
nuoiroaUiui  founa  which  hu  Ixen  cxlcrminalcid  evcrywhcic  cUe.  except 
in  thetute  of  the  American  opoMumi.  The  original  AiHtialltLii  tnainmu* 
were  Mvcr),  not  by  any  virtue  of  tht^r  own,  but  by  (he  catlh-cliaiiee 
which  iiisulutc'l  them.  .Siiiiiliid)-,  it  it  tlie  ijeologiw  who  lielM  iii>  !■> 
undonlanil  ilie  fuuiixl  diveniiy  uii  (he  iwu  sulci  of  "  Wallace  s  tine," 
or  ihe  abiencr  of  aniphiliians,  n-pliiei,  and  munmali  from  the  Conarini. 
Thai  much  will  alio  (tv|ien(l  on  the  animal's  power  of  sunivinE  'he 
itmggle  for  existence  in  dlflcrcni  rci^nnt  It  too  ohvloiit  to  rojuire 
upMilion.  Wc  need  only  think  uf  ihe  wav  in  which  man  liu  In  a.  few 
jroan  altered  the  diilributiun  uf  tnacy  Iiir<U  aD<l  munmaU,  lometimca 
icdeed  redudiiK  it  to  ml.  o>  iiicrauing  it  to  dnpetalion. 

To  sum  up,  the  chief  fnctois  determining  ((vognphitral 
dixtrihution  arc — (i)  the  constitution  of  the  animal,  (i)  the 
physical  conditions  of  the  region,  (3)  the  position  of  the 
ongLnal  home,  (4)  the  means  of  dispersal,  (5)  the  historicaJ 
changes  of  the  earth  and  its  climate,  and  (6)  the  blonomic 
relations. 

yj}o-GMgrafMi<a!  Regions. 

I  shall  simply  quote  a  pnrn^raph  from  Professor  Heil- 
prin's  work — The  (JtogntphUal  and  GroJogidtl  DiitrilmtieA 
iff  Animals  (Inlernnt.  Sci.  Scries.  l»ndon,  1887),  a  very 
valuable  book  for  the  student,  esiKcially  as  it  considers  dis- 
tribution in  space  and  time  logctner. 

"  By  tno!^  naturalists  (^ValTace,  Sclater,  and  others)  the 
terrestrial  portion  of  the  earth's  surface  v.  recognised  as 
consisting  of  six  printary  zoological  regions,  which  corre- 
spond in  considerable  part  with  the  continental  masses  of 
geographer*.     These  six  regions  arc  r^ 

"i.  The /Vt/iM^fftV,  which  comprises  Europe,  temperate 
Asia  (with  Japan),  and  Africa  north  of  t)ie  Atlas  Moun- 
tains;  also  Iceland,  and  Ihe  numerous  oceanic  i.tlaiids  ofj 
the  North  Atlantic : 
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"  2.  The  Elhiopiiin,  cmhracing  nil  of  Africa  south  of  the 
Atlas  Mounuiins,  the  southern  portion  of  the  Arabian  Pen- 
insuln,  Madagascar,  and  the  Mascorcnc  Islands,  and  wbidi, 
consequently,  nearly  coincides  with  the  Afika  of  geo- 
graphers : 

"3.  The  Oriental  w  Indian,  which  embraces  India  south 
of  the  Himalayax,  Farther  India,  Southern  China,  Sumatra. 
Java,  Uali,  Ilornco,  and  the  Philippines : 

"4.  The  Austmliitn,  comprising  the  continent  of  Aus- 
tralia, with  Papua'  or  New  Guinea.  Celebes,  I^mtx^  and 
the  nutiicrous  islands  of  the  Pacific : 

"S.  The  NtarctU,  which  embraces  Greenland,  and  the 
greater  portion  of  the  continent  of  North  America  (exclud- 
ing Mexico) ; 

*'  6.  The  Nfotropical,  corresponding  to  the  continent  of 
South  America,  with  Central  America,  the  West  Indies,  and 
the  greater  portion  of  Mexico." 

Professor  Hdlprin  makes  several  modilicalions  on  this 
scheme  of  dinribuiion  :  (a)  uniting  PahTarctic  and  Nearctic 
in  one  Holarctic  realm ;  {^)  estalilishing  a  special  Poly- 
nesian realm  for  the  scattered  island  groups  of  tlie  Pacific ; 
and  {c)  defining  three  transition  regions,  (1)  around  the 
Mediterranean,  intermediate  between  Palaarctic,  I^thiopiar^ 
and  Oriental,  (a)  Lower  California  between  Western  Hol- 
arcti<:  and  Neotropical,  and  (3)  the  Austro-Malajrsian  iainnds 
lying  to  the  cast  of  Bali  and  Borneo,  inclusive  of  the 
Solomon  islands,  a  region  inierniediaie  between  Oriental, 
Australian,  and  Polynesian.  It  Hcems  also  convenient  to 
recognise  two  polar  regions, — Arctic  and  Antarctic.  Of 
the  la«.  we  have  had  as  yet  only  glimpses. 

It  may  be  useful  to  map  out  the  diviaons  as  follows ; — 
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CHAPTER    XXtX. 


THEORY  0¥  EVOLUTION, 


In  Chapter  VI.  we  indicated  the  nature  of  the  evidoice 
which  ha.1  led  naturalists  all  but  unanlmoualy  to  accept  the 
dortrinc  of  descent  a«  a  modal  interpretation  of  oi^niCi 
nature-  The  cloW  of  plmiology  and  morphology,  combined ' 
with  what  is  known  of  the  history  of  the  race  and  the 
development  of  the  individual,  have  led  us  to  believe  that 
the  formK  of  life  now  around  us  are  descended  from 
simpler  ancestors  («xci;])t  in  cases  of  degenemtion)>  and 
these  from  still  simpler,  and  so  on.  back  to  the  mist  of  life's 
beginnings.  In  other  words,  wc  bclii-%c  thai  the  present  is 
the  child  of  the  past  and  the  parent  of  the  future.  This  is 
the  general  idea  of  evolution. 

But  while  [his  general  idea,  which  is  a  very  grand  one,  is 
usually  recognised  as  the  simplest  interpretation  of  the 
facts,  we  remain  in  doubi  as  to  the/ae/on  of  the  process  by 
which  the  world  of  life  has  come  to  lie  what  it  is.  ^'hiVi 
uncertainty  is  in  part  due  to  the  complexity  of  the  probtem, ' 
in  part  to  ihc  relative  novelty  of  tlje  inquiry — for  precise 
etiology  is  not  yet  fifty  ycnis  old,  in  pari  also  to  the  fact 
that  while  there  has  been  much  theorising,  there  has  been 
eompuratively  little  experimenting  or  connected  obser- 
vation as  to  the  modes  and  causes  of  evolution. 

With  the  exception  of  Alfred  Russel  Wallace  and  a  few 
others  who  believe  that  it  is  necessary  to  postulate  spiritual 
influxes  lo  account  for  certain  obscure  beginnings,  f.g.,  of 
the  higher  human  qualities,  evolutionists  arc  agreed 
seeking  to  explain  the  evolution  of  plants  and  animals  as  i 
continuous    "  natural "    process,   the   end    of   nhich  wa 
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Implicit  in  the  banning.  In  so  dmng,  the;  follow  tbe 
method  or  annlfsi«,  cndcavmirine  to  eicpbin  tltc  facts  in 
thdr  lowirst  terms.  Ilut  sk  the  titolofpM's  lowest  term  ix 
livint;  ntatter.  and  as  o»c  aspect  a(  this  it,  in  favourable 
conditionK,  known  as  thought,  there  b  no  reason  to  call  the 
evoluiionist'x  analysis  "  iiuttcrinlistic  " — if  anything  oppro- 
brious be  meant  \>y  that  adjt^:iive.  The  comnHiD  dencran* 
inator  of  the  biologist  ix  as  inexpressibly  man-cllous  u  the 
philosopher's  ^-alesl  common  measure,  if  indeed,  they  a/c 
not  pnctkalty  the  same. 

The  7W  Grtat  Prvfiiemi. 

Our  tinecnatnty  in  rc^rd  to  the  factori  of  evolution  is  so 
great,  that  I  cannot  venture  here  to  do  more  than  indicate 
(d  )  what  (he  great  problems  are,  and  0.)  the  general  drift 
of  the  iiio&t  imporUnl  suggesttons  which  liave  been  tnadc 
towards  their  solution. 

The  two  great  prohlcms  before  the  cvoIutJonist  are : — 

(a.)  What  b  the  nature  and  origin  of  vaxtuions,  i.e.,  of 

those  organic  changes  which  make  an  ortpintsm 

appreciably  diScrcnl  from  its  parents  or  its  3pecii::>s? 

{i.)  What  are  the  directive  factors  which  may  operate 

upon  given  vanalions,  determining  their  elimination 

or  tlwti  persistence,  and  helping  low-ards  the  familiar 

but  {wuling  result— the  existotce  of  dbtinct  and 

relatively  wdl  ada|Xed  sjiecies? 

Secure  anxwent  to  these  two  questions  must  be  found  in 

reference  to  the  present ;  as  our  dau  accumulate  it  will  be 

more  possible  to  argue  back  to  the  post. 

It  may  be  convenient  to  speak  d  the  factors  which  fause 
vatiatioo  as/rimart-  or  origmathv,  and  of  the  factors  which 
operate  upon  or  dirtd  the  course  of  variation  as  sttPHdary 
or  dirtttke.  As  far  as  practical  results  are  concerned,  the 
two  sets  of  factors  are  oi  equal  imporuncc. 

Tht  Naturt  of  VariatioHS. 

We  mean  by  variations  those  changes  in  organisms  which 
make  tliem  appreciably  different  from  thdr  parents  or  from 
their  spedcK. 
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Tlie  term  of  coune  includes  not  only  material  diflerenoes, 
but  aUo  those  whose  only  dc-mon.stralilc  expression  is 
psyi-hir.ll  Thiirf,  an  increase  in  maternal  afTcrtion  is  .is 
important  and  rctl  a  variation  as  the  §harpcning  of  a  canine 
tooth. 

It  may  also  be  useful  to  distinguish  variations  in  sixe, 
symmetr)',  number  of  appendnges,  and  &o  on,  from  more 
qualitative  variations  in  chemical  composition,  such  as 
the  appearance  of  a  new  pigment,  but  this  distinction 
is  only  a  matter  of  convenience,  as  it  is  only  a  matter 
of  degree. 

Again,  variations  occur  which  may  be  called  ionlintioHSy 
being  merely  minute  inctemcnls  or  diminutions  of  cctiain 
parental  or  specific  charai^ters.  These  are  related  to  one 
another  much  in  the  same  way  as  are  tbe  i.ticcessive  stages 
in  the  continuous  growth  of  an  individual. 

But  other  variaiions  occur  which  deserve  to  be  called 
diiioHtinuaus.  For,  without  ihc  appearance  of  transitional 
stages,  marked  variations  aop  up,  ruaching  with  apparent 
suddenness  tu  what  must  be  called  new  and  may  withal 
exhibit  a  measure  of  pcrfectness. 

7'hat  both  kinds  of  variations  occur  is  a  fact  of  life ;  the 
possibility  of  both  is  probably  a  primary  quality  of 
organisms ;  but  wc  are  only  beginning  to  know  the  relative 
frequency  of  the  two  kinds  and  their  respective  limits,  and 
we  know  almost  noihinj;  as  to  their  causes  (iet  Batcson's 
"  MaUriahfor  the  Study  of  Variation,  1894  " ). 
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Primary  or  Orkiinative  Factors. 

What  causes  variation  ?  This  is  tlie  fundamental  que*- 
lion,  but  it  is  the  lca*t  answerable. 

It  is,  indeed,  an  axiom  or  a  truism,  that  changes  in  any 
animate  system  are  evoked  by  changes  in  the  larger  system 
of  which  the  otganism  forms  a  part.  In  other  wor^  the 
stimului  to  organic  change  niusi  always  be  ultimately 
traceable  10  the  environment,  but  this  is  implied  in  our 
conception  of  living  matter,  and  does  not  help  us  to  untkr- 
stand  the  immediate  conditions  which  lead  to  change;. 

In  the  absence  of  suHicienily  pre<!ise  data,  we  c^n  do  litUs 
more  than  point  out  various  possibilities : — 


rtaoKY  CF  srotoTiOif. 


(m>  I'dnMNW  Jut  Ai  CitfJVr  im  t*r  Emtr^nrntnt 
There  b  fttmndBnl  proof  that  cbangn  in  Mirrounding 
prcuum  in  the  chcmku  composition  of  the  nwdium.  tn  food 
Htpply.  in  bcM,  light,  Jltc^  nay  be  foltowtrd  by  duuiges  in 
the  oManiaiu  apoo  wbidi  ttKsc  iafiuenccs  play.  C?hance» 
in  the  TMxly  cf  the  ofpBinn  follow  chMigcs  in  the  cnvinm- 
OKM.  Bui  (i)  it  a  dtdkuh  to  dfacriminMe  between 
vualMwa  whiu  Bay  be  spoken  of  «t  the  direct  nsults  of 
envitoanMMit  iDfttoKc,  and  those  to  which  the  organbni 
WW  ahvady  dcfiaiiely  pndi*pa«ed,  And  to  which  the 
ntvlraninenul  change  Mjppbcd  ooly  the  stintuliu.  (z)  We 
have  ni'<t  at  pteicoi  uilBoent  data  to  enable  is  to  stat«  that 
nrutliocu  amutjf:  in  or  acquittti  hr  the  An^  of  an  individual 
or^nism  u  the  tesuk  of  mnoonding  chai^  do  as  wch  in 
anjr  dcipKc  (pecifically  aScct  the  R:praducti««  cells.  In 
other  wordSk  w<c  cannot  at  pRKiM  ay  that  '*  cflvironnacntal 
wriatiaos''  ue  fwrwwwiwhl^  And  tf  they  are  not,  that 
JMpoctance  in  eroltttiaa  is  oaly  indirect. 


(*)  rthmhmt  dm  m  Clkngt  m  FkmOim. 
It  is  an  nndonhted  ba  that  the  bodily  uncmre  of  an 
•■teal  May  be  cliawd  by  the  JncTMied  tae  of  certain 
■ana,  or  thednx*  of  o(lMti,ia  Aoct.  by  tooie  dtaage  of 
fimcbon.  Ttns  t^aogt  vC  or  a  ftaactioo  BM^  be  directly 
pnMi|aRlby  MOK^ngc  in  the  estnaal  coadniaQs  of  Hie. 
or  ft  aay  be  tbe  cixpwriun  of  a  dacpcrmiatioa  in  tfae 
aainafk  ■■■erial  euoMJaitiBn  or  aaaal  charaetci-  Bat 
tallomM  aa  tbeae  fiiaftioaal  vwiiaboos  and  their  icsaka 
an  totheMAea^bM^wvarcmceitaaaBtDthcirinpartanoe 
far  Ae  Mm,  far  we  do  irat  know  r>  what  eOeoK  (if  any)  the 
i  aie  ttawawiibk. 


In  ■asT  cases  ttf  vaeiaboi^  paRHnkdy  those  which  ] 
ia  CHty  bte,  it  is  wet  paa&ble  to  sagfeoi aqr< 
V  fapctimial  oondilion  whidi  way  he  legprded  as   the 
t  or  the  caase.     We  ue  fed  m  aacfa  cases  to  bdieve 
',  the  mnalmi  in  bodily  mwctMW  cr  oobC  b  the  • 
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But  why  should  there  be  changes  in  the  germ  celb^ 
I'crhaps,  because  living  mailer  is  very  complex  nnd  un- 
Btsbk,  and  because  it  is  of  its  very  nature  10  difTcrcntialc 
and  integrate ;  perhaps  because  the  iuimcdiale  environment 
of  the  germ  ceiU  (blood,  budy  cavity  fluid,  sea  water,  &c.) 
ia  complex  and  variable.  Hut  it  may  be  more  important 
to  recognise  that  e*-cr>-  multicellular  orgnnism,  reproduced 
in  the  usual  way,  arises  from  an  egg  cell  fcrciliied  by  a 
8pennatozoon.  and  that  the  changes  involved  in  and  pre- 
paratory to  this  fertilisation,  or  '•  amphimixis,"  make  new 
permutations  and  combinations  of  living  substances  or  vital 
qualities  not  only  pouible  but  necesHiry. 

Secondakv  or  DiRKcnvK  Factors. 

(i.)  Natural  St/ution.  —  'Vhi:  distinctive  contributiot) 
which  Charles  Darwin  and  Alfred  Russel  Wallace  made  to 
etiology  vnas  their  theory  of  Natural  Selection. 

By  Natural  Selection  ix  meant  that  process  whereby,  in 
the  ordinary  course  of  nature,  certain  organisms,  e^.,  certain 
members  of  a  species,  arc  more  or  less  rapidly  eliminated, 
while  others  are  allowed  to  survive  longer. 

Thai  some  forms,  r^.,  in  one  family,  should  succeed  less 
well  than  others,  depends  obviously  on  the  fact  that  all  are  not 
born  ulike,  depends,  in  other  words,  on  the  fact  of  variation. 

Thai  then;  should  be  elimination  ut  neceM-iry  (a)  because 
a  pair  of  animal.s  u.-iually  produce  many  more  than  a  pair, 
nnd  the  population  tcnd.t  to  outrun  the  means  of  sub- 
sistence, and  {(')  because  organisms  arc  at  the  best  only 
relatively  well-adapted  to  their  conditions  of  life,  which  are 
variable.  These  two  primary  facts  and  their  subsetiuent 
conseiiuences,  fx  that  some  animals  feed  upon  uthcrt,  tliat 
there  may  be  more  males  than  females,  &e.,  render  some 
struKgtc  for  vxintence  neeeitsary,  tbousb  thi*  |)hra»c  must  be 
used,  as  Darwin  uid,  "  in  a  wide  and  metaphorical  sense," 
including  all  endeavours  for  the  wetUbeing,  not  only  of  the 
individual,  but  of  its  offspring. 

The  facts  then  arc — ihat  variations  constantly  occur,  that 
some  members  of  a  species  or  family  arc  necessarily  less 
fitly  adapted  than  others,  and  thai  the  course  of  nature  is 
such  that  these  relatively  less  tit  forms   will   tend  to 
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eliminated,  while  the  rdnlivdy  more  fit  will  lend  to 
survive.  As  many  vaHanon«  rc-appcar  gem^atioD  after 
generation,  and  may  became  gradually  increased  in  amount, 
tlie  coniinuanee  of  (he  selective  or  eliminating  process  will 
work  lowardx  the  orivin  of  nenv  adaptaiiom  and  new  s]}eciea; 

The  importanct'  ot  Naliiml  Selection  as  a  Kcondary  factor 
in  cvoluiion  will  vary  according  to  slringi-ncy  of  the  elimin- 
ating process,  and  it  must  be  noted  that  the  "struggle  for 
existence"  varies  in  intensity  within  wide  limits,  that  ii 
requires  10  be  investigated  for  each  case,  and  cannot  be 
poiiulated  as  a  force  of  nature. 

The  imjiortance  «f  the  factor  will  also  depend  on  the 
number,  n.itiirt',  and  limits  of  the  variations  wliicli  o<.xuf, 
Thus  a  new  species  might  ari»e,  either  by  (lie  occurrence  of 
a  discontinuous  variation  of  considerable  magnitude,  or  by 
the  eliminating  process  acting  for  many  generations  on  a 
scries  of  minute  continuous  variations. 

Darwin  abo  believed  in  the  importance  of  sc-tualsdccttoa 
in  which  the  females  chouse  the  more  attractive  mntc^ 
which,  succeeding  in  reproduction  belter  than  their  neigh- 
bours, lend  to  transmit  their  ({ualilies  to  their  numerous 
male  heirs,  Bill  this  and  other  forms  of  repn>ductive 
selection  may  be  regarded  as  special  cases  of  natural 
selection,  .\nd  requite  no  particular  emphasis.  Nor  is  the 
importance  of  sexual  selection  or  preferential  mating 
admitted  by  so  great  an  authority  as  Wallace. 

(i.)  "  Isolation'' — Under  this  title  Romanes,  Gulicic,  and 
others  include  the  various  wayt  in  which  free  inlercro^ing 
i>  pnrvcnted  between  members  of  a  species,  (.g.^  t>y  geo- 
graphical sepamiion,  or  by  a  reproductive  variation  cau^in^ 
mutual  sterility  between  two  sections  of  a  species  living  on  a 
common  area.  Without  some  "isolation"  lending  to  limit 
the  range  of  mutual  fertility  within  a  species,  or  bringit^ 
similar  vatiations  to  breed  together,  a  new  variation  is  liable, 
they  say,  to  be  "swamped"  by  intercrossing.  But  definite 
facts  as  to  thia  "  swamping,"  and  in  many  <:a.'!«  as  to  the 
alleged  "  isolation,"  are  hard  to  Hnd,  nor  can  we  say  that 
a  strong  roriation  will  not  persist  unless  it  be  "isolated." 
Romanes's  view,  however,  was  that  "  without  isolation,  or 
I  he  prevention  offrec  intercrossing,  ornanic  evolution  is  in  no 
ease  possible.     Isolation  has  been  the  universal  condition 
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of  modification.  Heredity  and  variability  beinjt  given,  the 
whole  theory  of  organic  evoliitiun  becomes  a  theory  of  the 
causes  and  conditions  which  lead  to  isolation." 
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